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The Journal of Bone and Joint Surgery is the official publication of orthopaedic 
surgeons of the Commonwealth of British Nations and the United States of America, 
and in this respect it represents the science and practice of orthopaedic surgery in the 
English-speaking world ; but important orthopaedic contributions are also reported from 
every country in the world, and original articles will be welcomed from any contributor, 
wherever he may live. Facilities for translation will be made available. 

We are also anxious to report the Proceedings of Colleges, Universities, Societies and 
Associations in every part of the world in so far as they contribute to the advance of 
orthopaedic surgery. A measure of international co-operation in publication has already 
been achieved and this will be fostered and, we hope, increased. 

Manuscripts offered for publication in the British volume should be addressed to the 
Editor, Journal of Bone and Joint Surgery, 82 Portland Place, London. The Editorial 
Secretary of the Board is at the service of authors, and will assist in any way she can. 
Manuscripts offered for publication in the American volume should be addressed to the 
Editor, Journal of Bone and Joint Surgery, 8 The Fenway, Boston 15, Massachusetts. 

Manuscript should be typewritten with double spacing and wide margins. The 
author should keep a carbon copy. The Editorial Board reserves the right to make 
literary corrections. Radiographs should be submitted as reduced or contact prints,” 
but accompanied whenever possible by the original X-ray films which will be returned 
in due course. The Editor is anxious to emphasize this point. The quality of reproduction 
can often be greatly improved if authors will be good enough to submit X-ray films as 
well as reduced prints. Photographs, drawings, radiographic prints and films, should be 
numbered and clearly marked with the name of the author. Legends should be furnished 
in separate lists and not put on the back of the originals. Each figure should be referred 
to in the text. 

References to medical literature should be recorded in the text with the name of the 
author and the year of publication in brackets. At the end of the article the list of 
references should be arranged alphabetically, each item including name of author, year 
of publication, title of article, Journal, number of volume, and page reference, thus: 
Gaur, W. E. (1948): Recurrent Dislocation of the Shoulder. Journal of Bone and 
Joint Surgery, 30-B, 6. 

The names of Journals should be given in full; the ‘‘ World List” of abbreviations 
is not used. Every bibliography and list of references will be checked by the Editor, 
but much delay will be avoided if authors would be good enough to pay careful 
attention to accuracy. 
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The Journal of 
Bone and Joint Surgery 


EDITORIAL 


VOLKMANN’S ISCHAEMIC CONTRACTURE 


This issue of the Journal contains four papers bearing upon the subject of Volkmann's 
ischaemic contracture. S. A. Thomson and L. J. Mahoney, in a disturbing report from 
Toronto, describe no less than seventeen examples of muscle ischaemia in the legs of children 
with fractured thighs, the fractures being high enough in the femoral shafts to avoid any 
likelihood of direct injury to the popliteal vessels. J. S. Horn and S. Sevitt report stage by 
stage the details of the regeneration of a tibialis anterior which suffered necrosis after an 
injury to the popliteal artery. Athol Parkes describes a new operation for the relief of the 
established contracture in the forearm flexors, and J. C. F. Cregan reports a case of traumatic 
spasm of a child’s brachial artery in which occlusion of the main vessel of the limb for at least 
eight hours did not produce an ischaemic contracture. 

These papers suggest more problems than they solve. Of course, the biggest unsolved 
mystery about Volkmann’s contracture is why the ischaemic muscle shrinks. Volkmann's 
suggestion that the shrinkage was a sort of rigor mortis really carries us no further. Leveuf 
abandoned the idea that it is the ischaemic muscle that contracts, and regarded the shrinkage 
as an expression of irritation of surviving fibres by the islands of necrosis within the 
muscle-belly. This is, however, clearly incorrect in the severe cases, in which whole muscles 
like the pronator teres are completely necrotic and severely shrunken. Indeed, it seems 
certain that it is the dead muscle which contracts and which, in shrinking, imposes deformity 
upon the limb because of the very strength of its shrinkage. 

It is time that our attention was diverted a little from the ischaemia to the contracture. 
If we could discover the mechanism of shrinkage we could do something to prevent it in 
patients in which ischaemia persists despite treatment. At present we are working in the 
dark. In the calf, Thomson and Mahoney suggest skeletal traction through the calcaneum; 
in the forearm, H. J. Seddon* considers radical excision of the infarcted muscle to be a hopeful 
procedure if the excision is performed early enough. The problem of deciding accurately 
which muscle tissue is hopeless and which will survive appears rather formidable. Perhaps 
the response to intravenous curare or the persistence in the suspect muscle of injected radio- 
opaque or radioactive substances may be a useful guide. The idea seems to lend itself to 
the experimental laboratory. 

It seems clearly reasonable that a contracture will occur only if a certain degree of 
ischaemia persists for an adequate time. There must, however, be many degrees of ischaemia 
and many factors which may worsen their real or apparent effects. Certainly an apparently 
severe vascular block can sometimes last for a surprising time without permanent ill-effects, a 
point illustrated both by Cregan’s case and by the recovery of several of the Toronto patients 
without deformity or paralysis. The study of such abortive cases is very important, but 
the apparent success of preventive measures such as sympathectomy must be considered 
very critically, for it is too easy to claim a cure in a case which would have recovered anyway. 


* In the discussion of Athol Parkes’s paper, British Orthopaedic Association Spring Meeting, Cardiff, 
April 1950. 
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300 EDITORIAL 


Established ischaemic necrosis is, happily, uncommon enough for detailed study of 
individual examples to be of great value. Horn and Sevitt have given us a series of 
observations of real importance, and the fact that such striking muscle recovery can occur 
still further emphasizes the need to prevent contractures. The new fibres that develop must 
not be allowed to adapt themselves to the shrunken and useless length of the damaged muscle. 

General agreement has apparently been reached that major arterial obstruction is 
necessary for the production of Volkmann’s contracture. Primary traumatic arterial spasm 
is probably a less common cause of the obstruction than are organic blocks to the flow in 
the vessel, but spasm is important enough. The only known factor certainly important in 
its production is traction, and traction on the brachial artery in front of the elbow during 
manipulation of a supracondylar fracture is to be avoided at all costs. This requires stressing 
to-day, for there are still those who teach that such fractures may be safely reduced by 
techniques which exaggerate the initial deformity or which employ traction on the extended 
elbow. Traction on any severely injured lower limb is equally to be avoided, as the Toronto 
writers agree when they admit that their use of fixed skin traction in the Trendelenburg 
position, be it never so gentle, cannot be regarded as blameless. Their report of ischaemia 
in the uninjured limb of a child treated by Bryant’s suspension is particularly disturbing. 

The operation described by Parkes should be a help. Those who have seen the author’s 
film have the advantage of those who have only read his paper, for the film showed very 
striking relief of an ugly deformity in two cases. It may be argued that some of the author’s 
premises are questionable and that the operation works more as a tenodesis than as a working 
tendon transplant, but that is of littke moment compared with the fact that it certainly 
appears to improve both function and appearance. D. LL. GRIFFITHS. 
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EXPERIENCE WITH THE USE OF REFRIGERATED HOMOGENOUS 
BONE* 


D. Witson, NEW YORK 


The history of the development of methods of bone transplantation is too long and the 
literature too voluminous to permit of any but the most superficial review in this paper. 
Ollier is credited with the first clinical experiment when in 1859 he transplanted a rabbit's 
radius into an ununited fracture of the tibia. Macewen in 188] first suggested the 
transplantation of bone from amputated limbs and Ponset in 1887 reported a clinical trial 
of this method. Bone transplantation was carried out sporadically by many surgeons but 
without much enthusiasm until Albee (1915) with his development of a sterile electrically 
driven motor saw popularised the method of using fresh autogenous bone grafts. During the 
following years this, with various technical modifications, became the standard surgical 
procedure. 

Carrel (1912) reported his extensive work on preservation and transplantation of various 
types of human tissues after storing them in Ringer’s solution and plasma at temperatures 
of 1-2 degrees Centigrade. Gallie and Robertson in 1919 described their experiments with the 
use of boiled beef bone transplants and this method was given considerable clinical trial but 
soon abandoned. Transplants of ivory and cowhorn were tried by other surgeons but without 
success. Orrell in 1938 reported on the use of os purum. This was bone from which the organic 
elements had been removed by chemical treatment, and the experiment was based on his 
studies of the healing of boiled bone which showed that the slow revitalisation was due to the 
difficulty of resorbing and removing the dried and coagulated cellular elements occupying 
the bony canals. 

Inclan (1942) was the first to report the use of autogenous bone grafts which were removed 
at one operation, then stored in sterile jars containing citrated blood or Ringer’s solution at 
temperatures of 2-5 degrees Centigrade for varying periods, and then transplanted at a second 
operation. During the second world war it was a fairly frequent practice of orthopaedic 
surgeons who were working in amputation centres to make use of bone freshly obtained from 
amputated limbs for purposes of grafting in cases of ununited fractures. This bone caused no 
apparent reaction in the host and served its purpose well. The successful preservation of 
perishable foods by refrigeration at low temperatures and the commercial development of 
low temperature refrigerators led to the next step, the preservation of homogenous bone 
for surgical use. 

In April 1946 a deep-freeze unit was installed at the Hospital for Special Surgery in 
New York and I began to use refrigerated homogenous bone as a substitute for fresh autogenous 
bone in surgical procedures. The early results appeared satisfactory and since then transplants 
of this type have been used with increasing frequency by myself and colleagues. In 1946 
the number of such operations was nineteen; in 1947—forty-eight; in 1948—one hundred 
and six; and in 1949—one hundred and thirty-four. This was the beginning of what we now 
call the bone bank. Earlier papers described the technique employed and some of the results 
obtained. Other surgeons have also reported results and varying techniques, particularly 
the preservation of bone in merthiolate solution by Reynolds and Oliver (1949). 

The experience with the use of refrigerated homogenous bone transplants at the Hospital 
for Special Surgery has now become so extensive, numbering 307 operations on 259 patients 
up to January 1, 1950, that it seems desirable to make a complete survey with the object of 


* Robert Jones Lecture delivered at the Royal College of Surgeons of England, 1950. 
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evaluating the method, particularly with respect to the question of whether refrigerated 
homogenous bone may be used as a dependable substitute for fresh autogenous bone in 
surgery and of determining its potentialities and limitations. In order to do this I shall present 
evidence obtained from animal experiments, from histological study of bone specimens 
recovered from patients at varying periods after operation, and from an analysis of the 
clinical results. 


COMPARISON OF HEALING OF DIFFERENT TYPES OF BONE TRANSPLANTS 


Experimental evidence—A series of experiments was carried out on dogs by the author, 
assisted by Doctors H. L. Murray and H. S. Way. The experiments were of three different 
types: 

1) Experiments to compare healing of a saw cut and of drill holes in homogenous bone 
specimens of uniform size but of different types implanted into the muscles of the back of 
dogs and not in contact with the host bone. The bone transplants included one fresh 
autogenous transplant, one that had been refrigerated for two weeks (short term) and one 
that had been refrigerated at greater length (long term). These experiments were intended 
to test the presence of any intrinsic factor (such as the presence of living cells) in the 
transplant that might contribute to different rates of healing. 

2) Experiments to compare the healing of fresh autogenous cortical grafts with frozen 
homogenous cortical grafts of uniform size transplanted into gaps in the ulna after 
subperiosteal resection of segments of the bone. The healing of the transplants was observed 
by radiographic examination and by recovery of the specimens at different periods after 
operation. 

3) Experiments to study the healing of frozen homogenous cancellous transplants. Here 
plugs of bone were removed with a trephine from the ilium and after refrigeration for one 
week were implanted into similar defects created in the iliac bones of other dogs. These 
specimens were recovered after different periods of time and studied. 


DETAILS OF ANIMAL EXPERIMENTS 


Experiment 1—Bone transplants into back muscles of dogs. Specimens were recovered at the end 
of one week, two weeks, three weeks, four weeks, six weeks, eight weeks, ten weeks and twelve weeks. 
One week—There was considerable organising hematoma about all the transplants. In the 
autogenous transplant there was some evidence by microscope of early bone absorption. 

Two weeks—All of the transplants were firmly adherent to the soft tissues. Microscopic examination 
showed no difference in the reactions around the different specimens. None showed any evidence 
of healing. 

Three weeks—The autogenous fragment showed more fibrous tissue reaction than the short-term 
(two weeks) refrigerated homogenous transplant. The long term (thirteen weeks) homogenous 
transplant showed very little fibrous tissue reaction. In the autogenous piece microscopic 
examination showed new bone formation in the cancellous central part near the saw cut and there 
was no evidence of this in the refrigerated specimens. 

Four weeks—Microscopic examination showed definite osteoblastic activity in the saw cut in the 
autogenous fragment. There were new bone formation and bone resorption along the border of 
the bone. The main mass of bone seemed dead. Both pieces of refrigerated bone were infected 
but there was some new bone formation in one drill hole in the long-term refrigerated bone 
(eleven weeks). In the short-term (two weeks) refrigerated specimen there was only evidence 
of bone resorption. 

Six weeks (Figs. 1 and 2)—All three fragments were firmly adherent to soft structures. The 
autogenous piece appeared thinner and more osteoporotic than the others. Microscopic examination 
revealed bone resorption around the edges of the autogenous bone placed in muscle. There was a 
well-formed osteophyte filling the bottom of the saw cut. The short-term refrigerated transplant 
showed resorption along the edges and new bone formation in the bottom of the saw cut and in 
one drill hole. The long-term (six weeks) refrigerated transplant showed less resorption but there 
was a small amount of new bone in the saw cut. 
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EXPERIENCE WITH THE USE OF REFRIGERATED HOMOGENOUS BONE 


Fic. 1 Fic. 2 
Figure 1—Autogenous cortical transplant six weeks after implantation in dog’s muscle. Photomicrograph 
shows attempt at repair of saw cut, with new bone formation. Figure 2—Refrigerated cortical transplant 
six weeks after implantation in dog’s muscle. Note attempt at repair of saw cut with new bone formation. 


Fic. 4 


Figure 3—Autogenous cortical transplant ten weeks after implantation in dog’s muscle. Photomicrograph 
shows new bone formation at periphery but only slight revitalisation of the transplant. Figure 4— 
Refrigerated cortical transplant ten weeks after implantation in dog’s muscle. There is new bone formation 
at the periphery but the lacunar spaces in the transplant are empty. 
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304 P. D. WILSON 
Eight weeks—There was more reaction around the autogenous specimen, and microscopic 
examination showed resorption with new bone formation in the saw cut. There was evidence of 
new bone formation in one drill hole in the short-term (two weeks) refrigerated specimen. The 
long-term (four weeks) transplant was infected and showed no osteoblastic activity. 

Ten weeks (Figs. 3 and 4)—There was more reaction grossly about the autogenous transplant than 
the other. Only one piece of refrigerated bone (three weeks) was used in this animal. On 
microscopic examination, there were many areas of bone resorption both peripherally and centrally 
in both specimens. In the autogenous piece there was new bone formation in the saw cut and 
drill hole and in the refrigerated piece a large osteophyte in the drill hole. 

Twelve weeks—On gross examination the autogenous piece was paper-thin and very flexible, 
whereas the refrigerated bone (two weeks) showed some resorption but definitely less than the 
other. Microscopic examination showed marked osteoporosis of the autogenous fragment with 
new bone formation in the base of the saw cut and drill hole. There was no new bone formation 
in the refrigerated bone and much less osteoporosis. 

In summary, these findings showed that the autogenous transplant aroused more soft 
tissue reaction than the refrigerated pieces and that this resulted in quicker and more rapid 
resorption. As for the refrigerated specimens, two were generally used, one refrigerated for 
two weeks (short term) and the other for increasingly longer periods (long term). There 
seemed to be no significant difference in the reaction of the two different pieces. Microscopically 
the autogenous pieces showed more reaction and a greater tendency towards healing than 
the refrigerated pieces. There was definite evidence of new bone formation in the autogenous 
fragment in three weeks whereas in the refrigerited specimen it appeared only at the end of 
six weeks. This may be interpreted as meaning that surviving cellular elements do play a 
part in the healing of an autogenous transplant, but it is noteworthy that in none of the 
fragments was complete healing of the saw cut or simulated fracture obtained, which seems 
to indicate that their role is minor and the difference not significant. 


Experiment 2—Implantation of fresh autogenous and frozen homogenous cortical bone into 
operative defects in the ulna of both forelegs of dogs. A complete segment of the ulna measuring 
1-5 centimetres in length was removed subperiosteally on both sides. The piece from the left ulna 
was immediately transferred to the gap in the right ulna while the gap in the left ulna was filled with 
a piece that had been removed previously from another dog and refrigerated for two weeks. The 
wounds were closed in layers and dressings applied but immobilisation was not employed because 
in the dog the ulna is not a weight-bearing bone. The experiment was performed in eight dogs 
and the specimens were recovered at weekly intervals until the end of four weeks and after that at 
bi-weekly intervals. In addition, radiographic examinations were made at various intervals. 


One week—Radiographic examination showed very early callus formation in both specimens. On 
gross examination the autogenous transplant showed a good fibrous tissue sleeve around it with 
early callus proceeding from the host. The refrigerated transplant appeared dead but there was 
organising blood clot and some early callus formation from the host. 

Two weeks—-Radiographic examination showed that both transplants filled the ulnar gaps rather 
incompletely. There was slight early reaction evident in the form of rounding of the edges. Gross 
examination of the specimens confirmed the poor fit of the transplanted pieces. There was fibrous 
union of both, but the distal end of the autogenous transplant was more firmly adherent than the 
others. Microscopic examination showed fibrous union of the refrigerated transplant with callus 
being formed from the host. The autogenous transplant showed more evidence of healing with 
some callus along its sides, perhaps originating in the transplant. 

Three weeks (Figs. 5 and 6)—Both radiographic and gross examination showed bony union of the 
autogenous transplant distally and of the refrigerated specimen proximally. There was fibrous 
union of the opposite ends. Microscopic examination demonstrated bony callus at the distal end 
of the autogenous transplant. The refrigerated transplant showed bony and cartilaginous callus 
proceeding from the host but the union was still fibrous. The substance of the bone appeared 
dead and resorbing. The healing of the autogenous piece appeared more advanced. 

Four weeks—Nothing more than fibrous union could be demonstrated in either transplant. (This 
dog appeared older than the others and not in as good health.) Gross and microscopic examination 
of the autogenous transplant showed the substance of the bone to be dead and undergoing 
resorption with new callus from the host and fibrous union. There was slight infection of the 
refrigerated transplant but despite this there was a large amount of callus along both edges of the 
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Figure 5—Autogenous graft three weeks after implantation into a defect created in dog’s ulna. External 
callus formation is well advanced. Figure 6—Refrigerated graft three weeks after implantation into a 
defect in dog’s ulna. External callus is forming but is less advanced than in the autogenous graft. 


Figure 7—Autogenous graft six weeks after implantation into a defect in dog’s ulna. There is good 

external callus and the lower end of the graft is being revascularised. Figure 8—Refrigerated graft six 

weeks after implantation into defect in dog’s ulna. Healing is more advanced than in the autogenous 
graft. There is heavy external callus and the interior of the graft is being replaced by new bone. 


voL. 33 B, no. 3, auGcust 1951 
A2 


305 
oth Fic. 5 Fic. 6 
‘« Fic. 7 Fic. 8 


306 P. D. WILSON 


graft with fibrous union, and the transplant was undergoing resorption. The healing of the 
refrigerated specimen in this animal appeared more advanced than that of the autogenous graft. 
Six weeks (Figs. 7, 8, 11 and 12)—Radiographic examination showed a large amount of callus 
around the frozen transplant with only slight callus formation about the autogenous one. Gross 
and microscopic examination showed bony and cartilaginous callus proceeding from the host sides. 
There was evidence of greater reaction about the refrigerated specimen than the autogenous. 

Eight weeks—The autogenous transplant was solid by radiographic examination at the distal end 
with fibrous union of the proximal end, whereas the refrigerated piece showed only fibrous union 
at both ends with marked resorption. Gross and microscopic examination of the autogenous 
transplant revealed bony union in one area and new bone formation in the substance of the 
transplant. There was slight inflammation around the refrigerated transplant but there was 
evidence of bony and cartilaginous callus from the host with slight new bone formation in the 


Fic. 10 
Figure 9—Autogenous graft ten weeks after implantation into defect in dog’s ulna. There is dense 
external callus at the upper end and the graft is uniting to the host bone. Figure 10—Refrigerated 
graft ten weeks after implantation into defect in dog’s ulna. This graft has undergone considerable 
absorption and there is no evidence of union except at the lower left corner. 


transplant. In this animal the healing of the autogenous piece appeared more advanced than 
that of the refrigerated bone. 

Ten weeks (Figs. 9 and 10)—The proximal end of the autogenous transplant was united clinically, 
the distal end had fibrous union. The refrigerated transplant had moved after operation and had 
lost good position. Radiographic examination at the end of six weeks showed callus around both 
transplants with possible union of the autogenous transplant proximally. At the end of ten weeks 
it showed good bony union of the autogenous transplant proximally but not distally. There was 
callus about the refrigerated transplant but no solid union. Microscopic examination showed 
good bony union at one end of the autogenous transplant with fibrous union at the other but 
new bone was beginning to form. The refrigerated transplant showed fibrous union with 
cartilaginous callus and new bone formation in its substance. There was also central callus 
formation. Healing seemed further advanced and more mature in the autogenous than in the 
refrigerated transplant. 

Twelve weeks (Figs. 13 and 14)—Radiographic examination showed solid union of both transplants 
distally but not proximally. There was evidence of more mature healing of the proximal end in 
the autogenous than in the refrigerated specimen. Microscopic examination confirmed the finding 
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Radiographs of ulnar grafts six weeks after 
operation (dog). Figure 11—Autogenous 
graft. Figure 12—Refrigerated graft. 
Healing of the refrigerated graft is more 
advanced than of the autogenous graft. 


Radiographs of ulnar grafts twelve weeks 

after operation (dog). Figure 13— 

Autogenous graft. Figure 14—Refrigerated 

graft. The distal ends of both grafts are 

united and there is no real difference in the 
rate of healing. 
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of bony union at the distal ends and of fibrous union at the other. In the refrigerated transplant 
the bone was being revascularised very well and new bone which had been laid down earlier was 
being remodelled. In the autogenous transplant there was good bony union at one end and fibrous 
union at the other. There were a few areas of dead bone which were being replaced. There was 
evidence of callus originating from the side of the transplant. In this animal there was about the 
same amount of activity in both transplants. 

It is difficult to summarise the observations from this experiment and to draw conclusions 
because the results in the different animals were variable. They were doubtless influenced 
to some degree by the age and health of the animals and also by technical imperfections in 
some of the operations. In none of the transplants, whether autogenous or refrigerated, was 
healing obtained at both ends of the bone in any of the animals. Bony callus formation 
appeared earlier with the autogenous than with the refrigerated transplants, but at six weeks 


Fic. 16 
Figure 15—Circular refrigerated cancellous (iliac) graft two weeks after implantation. Union is well advanced. 
Figure 16—Circular refrigerated cancellous (iliac) graft three weeks after implantation. Peripheral healing 

is complete and the central area is being revitalised. 


the latter showed more healing than the former. At the end of twelve weeks the healing was 
comparable on both sides. In both the substance of the bone underwent resorption and 
replacement. 

Experiment 3—Transplantation of a circular piece of refrigerated cancellous iliac bone into a 
circular defect in the ilium. The bone was removed with a trephine and after refrigeration for one 
week was transplanted into a defect in the ilium produced by the same instrument in another animal. 
No autogenous control was employed in this series and the number of animals used was smaller. 
Specimens were recovered at the end of one week, two weeks, three weeks, four weeks and six weeks. 
One week—The iliac transplant showed organising blood clot and early callus from the host bone. 
The transplant appeared to be dead and demonstrated halisteresis. 

Two weeks (Fig. 15)—The iliac transplant appeared firmly adherent by fibrous tissue to the host 
ilium. Microscopic examination showed dead bone with new osseous formation. There was bony 
union in one area with callus arising not only from the host bone but also from the transplant. 
Three weeks (Fig. 16)—On gross examination the iliac transplant was firmly adherent and seemed 
to have developed bony union. Microscopically there was evidence of union of the graft with new 
bone formation from both the graft and the host. 
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Four weeks—On gross examination there was no evidence of union of the transplant but 
microscopical examination showed callus formation from the host with some areas of living bone 
in the transplant. (This was the older dog who appeared in poor health.) 

Six weeks—The iliac transplant showed solid fibrous union on gross examination. Microscopic 
examination showed callus from the host bone and osteoblastic activity in the transplant. 


These experiments were carried out only on five dogs and were not controlled by the use 
of comparable autogenous transplants. Nevertheless, they demonstrated the earlier healing 
of cancellous bone compared with cortical bone. Evidence of bony callus formation was 
found beginning at the end of two weeks and this seemed to originate both from the host’s 
tissues and from the transplant. On the whole, both union and replacement of the tissue of 
the transplant proceeded more rapidly than in the experiments with cortical bone. 


GENERAL CONCLUSIONS FROM THE ANIMAL EXPERIMENTS 


1) When transplants of autogenous and refrigerated homogenous bone are placed in the 
back muscles of dogs without contact with the host’s skeletal tissues, resorption of the 
autogenous piece begins earlier and progresses more rapidly than in the refrigerated piece. 
In neither did healing of the saw cut or drill holes take place but definite evidence of 
osteoblastic activity and tendency towards repair was found in both—at the end of three 
weeks in the autogenous transplant and not until the end of six weeks in the refrigerated 
specimen. 

2) When autogenous and refrigerated homogenous cortical transplants of uniform size 
were made into operative defects of the ulna in dogs, bony callus formation appeared earlier 
with the autogenous than with refrigerated bone, but at the end of twelve weeks the results 
with both were comparable. In none of the animals was healing obtained at both ends of 
the transplanted cortical segments. 

3) Transplants of cancellous iliac bone which have been refrigerated for one week and 
are then replaced in operative defects in the ilium behave like autogenous transplants in 
human beings and show early bony callus formation beginning at the end of two weeks. This 
early healing is accompanied by rapid resorption and replacement of the bone in the transplant. 


HISTOLOGICAL STUDY OF AUTOGENOUS AND REFRIGERATED BONE GRAFTS 
RECOVERED FROM PATIENTS 


In a previous paper (Wilson 1947) I described histological studies of specimens of both 
autogenous and refrigerated homogenous bone transplants that had been recovered at 
secondary operations from patients in whom they had previously been implanted for 
arthrodesis or other purposes. The correction of scoliosis followed by extensive spinal fusion 
offered an excellent opportunity for study because it is frequently necessary to perform the 
fusion in two or three stages. Thus it was possible to use refrigerated bone chips on one side 
of the spinal column and autogenous bone chips on the other. Specimens of each were 
recovered at varying periods after implantation and compared under the microscope for 
healing (Figs. 17 to 19). I did not depend upon my own knowledge but called upon the 
expert advice of Dr Milton Helpern, Pathologist at the Hospital for Special Surgery and 
Assistant Medical Examiner for New York City, to whom I am glad to acknowledge my 
indebtedness and gratitude. Dr Helpern reported: ‘‘ We found no evidence that the cells in 
the bone transplants survived in either case. The lacunar and interosseous spaces of the 
bone transplants, whether fresh or refrigerated, were uniformly empty of living cells in the 
early stages of healing but there soon occurred an invasion of fibroblasts and blood vessels 
followed by active absorption of the dead trabeculae with large numbers of osteoclasts present. 
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This process appeared to develop from the periphery of the transplant and then to penetrate 
into the interior. Three to four weeks after transplantation active new bone formation could 
be seen adjacent to the old trabeculae with both osteoid and osseous tissue present and many 
osteoblasts arranged about the latter. In other words the healing process seemed comparable 
in both the fresh autogenous transplants and the refrigerated transplants and whether the 
material was homogenous or autogenous seemed to make no difference.”’ 


Fic. 17 Fic. 18 Fic. 19 
Refrigerated bone chips recovered at secondary operations in cases of spinal fusion. Figure 17— 
Girl aged thirteen years; eighteen days aiter operation. Revascularisation is occurring and nuclei 
may be seen in some of the lacunar spaces. Figure 18—-Woman aged twenty-one years; thirty-five 
days after operation. Good evidence of revitalisation of the bone. Figure 19—Boy aged seventeen 
years ; six months after operation. The bone is completely revitalised and has normal appearance. 


CLINICAL RESULTS OF OPERATIONS IN WHICH REFRIGERATED HOMOGENOUS 
GRAFTS WERE USED 


The clinical results from the use of refrigerated homogenous bone transplants in 


4 
] operations upon patients must be analysed both from the standpoint of wound healing and 
4 of ultimate bone healing. 


Wound healing—In general, the wounds healed as well as if autogenous bone had been used. 
No unusual reactions were seen and there was no evidence of incompatibility with the host 
tissues. There were complications of wound healing in fourteen patients, with development 
of draining sinuses. Of these, six patients either were previously infected or were proved by 
positive cultures to be infected at the time of operation. Ten of the wounds with sinus 
formation subsequently healed without loss of the bone transplants. Of the remaining four 
the wound had to be opened and the grafts removed in two; and in the other two drainage 
still continues although healing of the underlying pathological condition has been obtained 
(including one cystic lesion of bone and one ununited fracture of the humerus). If we exclude 
the six previously infected cases, the rate of wound infection in the 307 operations was 2-6 per 
cent. In the whole series there was loss of bone in only two cases. 
Bone healing—A follow-up study was made of all the patients upon whom operations had 
been performed to assess the healing of the bone and the final results. Since a period of at 
least six months must usually elapse before the result can be evaluated—and in some instances 
even longer—fifty-nine cases had to be excluded because of insufficient follow-up. Of the 
remainder, successful results were obtained in 85 per cent of 248 cases. 

Analysis of the various operative procedures and results is presented in Table I. 
It will be seen that by far the largest number of operations were spinal fusions, of which 
108 were for scoliosis, eighteen for tuberculous spondylitis and seventy-five for low-back 
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TABLE I 
STATISTICAL REPORT ON THE BONE BANK To JANUARY I, 1950 


Total number of operations— 307 


Total number of patients for whom bone bank bone was used—259. 


Analysis of operations: 


Insufficient ,. . Failures 
Patients Operations follow-up Failures Successes (per cent) 
Spine fusions 
Scoliosis . ‘ 64 92 14 78 
Tuberculosis . ; ; ; 25 30 12 7 11 38-9 
Low back pain ; 64 67 16 18 33 


Other conditions 


13-8 


Filling of surgical defects 


Filling of osteomyelitic cavities 18-2 


Arthrodesis of joints 
(other than of spine) 


For tuberculosis 7 7 
For other conditions 


to 


Grafting of ununited fractures 


Operations for miscellaneous 


259 307 


Totals 


Failures —37 (15 per cent) 
Bone cysts 
Pseudarthrosis of spine. (Fusions for conditions other than tuberculosis) 
Pseudarthrosis of spine. (Fusions for tuberculosis) 
Osteomyelitic cavities . 
Knee fusion 
Scaphoid peg 


Grafts for non-union 


Infections—14 (6 were previously infected) 
Ten patients healed without loss of bone 
One osteomyelitic cavity necessitated removal of bone 


One case of non-union of humerus was operated upon through a wide adherent scar. The wound 
could not be closed, became infected, continues to drain, but union is solid 


One previously operated and infected bone cyst became re-infected, continues to drain, but cyst 
is completely filled in 


One bone cyst became infected and continues to drain, but the cyst is filled in 


Successes—85 per cent 
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pain. In the whole group there were twenty-five instances of pseudarthrosis—a failure rate of 
12-4 per cent. There were forty-one operations in which homogenous bone was used to fill 
cystic cavities or skeletal defects created by the excision of benign tumours and other 
pathological lesions. There was failure of healing in six or 14-5 per cent. Included in this 
group were ten cases of chronic osteomyelitis with bone cavities created by the excision of 
infected bone which were filled with cancellous bone chips. This is a type of case in which 
there will always be a considerable percentage of failure and the fact that healing was obtained 
in eight speaks well for the kind way in which the host tissues reacted to these transplants. 

Arthrodesis of joints other than the spine in which homogenous bone grafts were used 
totalled twenty-five, of which eight were for tuberculous arthritis and seventeen for other 
conditions. There were two failures in this group (8 per cent). There were four failures 
among thirty-two operations for ununited fractures in different regions of the skeleton or a 
failure rate of 12-5 per cent. 

In studying these results the same difference in rate of healing of cortical and cancellous 
bone was noted as was shown by Abbott ef al. (1947) in autogenous grafts. Refrigerated 
cancellous bone quickly became incorporated in the host’s skeleton, whereas cortical grafts 
often took a long time to become completely transformed although they united readily with 
the host’s bone. With respect to healing of refrigerated homogenous bone grafts in comparison 
with that of fresh autogenous grafts, as far as it could be determined by clinical evidence, we 
gained the impression that it was perhaps a little slower but that in the end the result was 
the same. 

Another question we sought to answer was whether length of preservation made any 
difference in the healing of these transplants. The average length of refrigeration was 
fifty-four days. There were eight operations in which bone was used that had been preserved 
for more than one year. There were five failures in this group or 62 per cent. In seven of 
these eight cases the bone was obtained from the same source, the amputated limb of one 
individual. Healing occurred in three and failure in four. Among the successes were two in 
which the bone had been preserved for the longest period, namely 705 days (1-9 years), and 

2 days. It is difficult to explain these contradictory results but a failure rate of 62 per cent 
compared with an overall rate of 15 per cent seems significant and suggests that a limit 
should be set on the time of preservation. I would suggest tentatively a period of one year. 
With long preservation there is danger of dehydration. Dried-out specimens should not be used. 


DISCUSSION 


The rationale for the use of different types of bone grafts in surgery depends upon an 
understanding of what happens when they are implanted in the human skeleton and the 
role they play in the healing of bone defects. Bone is a living tissue and therefore dependent 
upon nutrition which it receives through the circulation. When separated from its blood 
supply by transplantation it may exert an osteogenic stimulus in one of three ways: 

1) Some of its osteoblastic cells may survive and cause new bone formation. 

2) It may release a humeral factor which induces the formation of bone. 

3) It may provide physical factors which stimulate or are made use of in the construction 
of new bone. 

Carrel in his work on the preservation of different tissues outside the body found that 
bone and other connective tissue explants flourished in a plasma medium with cellular 
reproduction, but without formation of bone matrix or calcification. According to Abbott it 
is seldom possible to differentiate between living and dead parts of transplants until ten or 
fifteen days have passed and the effects of autolysis are evident. The survival of a living cell 
is marked by the absence of autolysis. He found that in an autogenous graft a good many of 
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the surface cells remained viable. In spongy bone this meant a good proportion of cells since 
this type of structure afforded large surfaces. In cortical bone it meant relatively few cells 
for here there was little surface. Urist (1942) noted, after study of the healing of fractures 
in young animals and the early evolution of the fracture callus in man, that ossification began 
from the cambium or deep layer of the periosteum, and from the endosteum. The fracture 
haematoma is replaced by granulation tissue which then differentiates into fibrocartilage but no 
portion calcifies or forms bone until it is reached by the penetrating osteogenetic front, which 
develops from the endosteal and periosteal surfaces of the living fragments. It appears 
therefore that something is to be gained from the survival of cells in the transplant and that 
they will join the host cells in the production of calcifiable matrix which will lead to early 
union of a graft with the host. They will not speed significantly the resorption of large 
necrotic portions of the graft or hasten its transformation into living bone. 

In the histological study of bone transplants, it may be observed that granulation tissue 
quickly envelops the major part of the graft, which appears dead, and leads to its resorption. 
As the dead bone is removed osteogenesis takes place. Some have postulated the presence 
of a humoral factor which stimulates the differentiation of young connective tissue into bone. 
Huggins (1931) has shown that in dogs bone will form with great regularity from certain 
fibrous connective tissues in the presence of growing bladder epithelium which contains 
large quantities of alkaline phosphatase. Levander (1938, 1946) postulated the presence 
of some extractable factor in a bone graft and succeeded in producing bone formation by 
the injection of alcoholic extracts of powdered bone in rabbits. Unfortunately, they found 
that injection of alcohol alone sometimes induced bone formation. Recent work reported by 
Berkley (1950) in which he transplanted fresh, frozen and boiled bone into the anterior 
chamber of the guinea pig’s eye showed that both fresh homogenous and frozen homogenous 
transplants survived and induced new bone formation at some distance from the site of 
transfer. He suggested that this ability to initiate bone formation was due to many factors 
but was primarily dependent upon the presence of a biochemical substance liberated from the 
bone cells upon their disintegration. After consideration we must conclude however that 
although the existence of a humoral osteogenic factor is possible it has not yet been proved. 

If then we find that cell survival plays but a small part in the healing of a graft except 
in the case perhaps of cancellous transplants, and if the presence of a humoral factor has not 
been demonstrated, how then are we to explain the undoubted beneficial effects of bone 
grafts in the healing of ununited fractures and other bone defects ? It seems that we must 
fall back to the only other theory, which is that it exerts an osteogenic stimulus despite the 
fact that it may not be a living graft. The manifestation of this stimulus is the replacement 
of its dead components with new bone. How this stimulus is applied is not known. It may be 
through its supply of mineral elements or through its organic components or again that it 
affords a framework to guide ossification. 

The process by which new bone is substituted for dead bone has been aptly termed 
“creeping replacement ’’ by Phemister (1935). Nowhere can it be observed more readily 
than in the dead femoral head undergoing avascular necrosis after fracture of the neck of the 
femur with loss of blood supply. It is notable that the fracture may unite but the dead head 
must still undergo resorption and rep!acement. Microscopic study shows that there are three 
zones in this process. The first is narrow and formed of capillaries and supporting connective 
tissue. It invades all available spaces and erodes the bony structure. Immediately behind 
is the wider zone of transformation in which osteoblasts are seen to be forming new bone 
matrix. This gradually merges into the third zone or area of calcification. The new bone 
thus formed does not reduplicate the structure of the bone absorbed and is usually composed 
of fine trabeculae in cancellous arrangement. The final outcome depends upon how rapidly 
the process of ossification keeps up with the process of resorption, and this is also true of a 
graft. If the latter bridges a considerable bony defect then resorption generally gets ahead 
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and the graft fractures. If the graft is in contact with host bone throughout most or all of 
its length resorption and re-ossification can proceed from all surfaces rapidly and complete 
bony transformation is obtained with healing. In the last analysis therefore the result of 
the graft will depend to a large extent upon how it is implanted and used. 


THE ROLE OF REFRIGERATED HOMOGENOUS GRAFTS 


When it comes to a consideration of homogenous bone transplants which have been 
preserved by refrigeration for varying periods, there are no grounds for claiming that any 
living elements survive. It is true that certain bacteria and viruses have survived long 
periods of exposure to sub-zero temperatures, and Ehrlich reported in 1907 that malignant 
tumours could be transplanted successfully after being kept at freezing temperatures. The 
work of Gye e¢ al. (1949) and of Mann (1949) indicates however that this was due to survival 
of virus and not of living cells. Gye pointed out that the freezing of a cell at —10 degrees 
Centigrade turns the water into ice but this does not carry with it the salt, which accumulates 
as brine and reaches a concentration of 15 to 20 per cent. Such a concentration would 
literally pickle any cell. 

Notwithstanding the absence of living elements I believe that the evidence here presented 
indicates that the refrigerated homogenous transplant unites rapidly with the host’s bone 
and that the results are comparable to those obtained with fresh autogenous grafts. All 
observers agree that a sterile autogenous graft is absolutely inert and gives rise to no 
inflammatory reaction. The same is true of the refrigerated homogenous bone graft. I 
attribute this to the fact that the cellular elements are preserved in a fresh state and can be 

' quickly and easily removed by the host tissue and that resorption, revascularisation and 
re-ossification take place almost as rapidly as with a fresh autogenous graft in which at best 
only a few living elements survive. 


CONCLUSIONS 
1. Experimental evidence suggests that the autogenous graft exhibits some advantage over 
refrigerated homogenous grafts in that healing takes place more rapidly but that in the end 


the results are the same. 
2. Histological study of fragments of healing grafts, both autogenous and refrigerated, that 


have been removed from human hosts shows no significant cifference in the rate or method 
of repair. 

3. Study of the clinical results of the use of homogenous transplants in 307 operations shows 
the bone to be well tolerated. The rate of infection in clean cases was 2-6 per cent; loss of 
bone occurred in only two cases. 

4. Follow-up studies of 248 cases showed successful results obtained in 210, or 85 per cent. 
These are comparable with the results obtained with autogenous grafts. The healing of 
cancellous transplants takes place more rapidly than with cortical grafts. Transplants that 
have been preserved for more than one year do not heal as well as those that have been 
preserved for a shorter period and the failure rate is higher. 

5. The operation of a bone bank is safe and practical. It offers great advantages to the 
patient and the surgeon from the standpoint of availability, abundance and the elimination 
i of the necessity of secondary operations to obtain bone. When a bone bank is available the 
number of operations in which bone transplants are used will show a sharp increase. 


REFERENCES 
Assott, L. C., SAUNDERS, J. B. DE C., and Bost, F. C. (1947): The evaluation of cortical and cancellous 
bone as grafting material. Journal of Bone and Joint Surgery, 29, 381. 

ALBEE, F. H. (1915): An Electro-motor Bone Outfit and Technique of its Usage. Boston Medical and 
Surgical Journal, 173, 273. 


THE JOURNAL OF BONE AND JOINT SURGERY 


ae. 
f 
| 
| 
ind 
7 
i 


315 


OF REFRIGERATED HOMOGENOUS BONE 


EXPERIENCE WITH THE USE 


ALBEE, F. H., and KusHner, A. (1940): Bone Graft Surgery in Disease, Injury and Deformity. New York 
and London: D. Appleton-Century Co, 

BERKLEY, R. M. (1950): Personal communication. 

CarRREL, A. (1912): The preservation of tissues and its applications in surgery. Journal of the American 
Medical Association, 59, 523. 

GALLIE, W. E., and RoBeRTSON, D. E. (1919) : British Journal of Surgery, 7, 211. 

Gye, W. E., Beaoa, A. M., Mann, I., and Graicig, J. (1949): The survival of activity of mouse sarcoma 
tissue after freezing and drying. British Journal of Cancer, 3, 259. 

Huaarns, C. B. (1931); The formation of bone under the influence of epithelium of the urinary tract. 
Archives of Surgery, 22, 377. 

IncLaNn, A. (1942): The use of preserved bone graft in orthopaedic surgery. Journal of Bone and Joint 
Surgery, 24, 81. 

LEVANDER, G, (1938): A study of bone regeneration. Surgery, Gynecology and Obstetrics, 67, 705. 
LEVANDER, G. (1946): Alcohol-soluble osteogenic substance from bone marrow. Nature, 157, 587. 
MACEWEN, W, (1881) : Gazette Médicale, 6, série, 3, 385. 

Mann, I. (1949): Effect of repeated freezing and thawing on mouse carcinoma tissue. British Medical 
Journal, ii, 253. 

ORRELL, S. (1938): The use of os purum in bone implantation. Surgery, Gynecology and Obstetrics, 66, 23. 
PHEMISTER, D. B. (1914): The fate of transplanted bone and regenerative power of its various constituents. 
Surgery, Gynecology and Obstetrics, 19, 303. 

PHEMISTER, D. B. (1935): Bone growth and repair. Annals of Surgery, 102, 261. 

Ponset, A.: Bull, Acad. d. Sc. March 28, 1887. 

REyYNOLps, F. C., and Otiver, D. R. (1949): A clincial evaluation of merthiolate bone bank. Read at the 
Annual Meeting of the American Academy of Orthopaedic Surgery, Chigaco, January 1949. Journal of 
Bone and Joint Surgery, 31—A, 792. 

Urist, M. R. (1942); Calcification and ossification. III. The role of local transfer of bone salt in the 
calcification of the fracture callus. Journal of Bone and Joint Surgery, 24, 47. 

Witson, P. D. (1947): Experiences with a bone bank. Annals of Surgery, 126, 932. 

Witson, P. D. (1949): Follow-up studies of the use of refrigerated homogenous bone grafts in orthopaedic 
operations. Journal of Bone and Joint Surgery, 33-A, 307. 


3, auGuUsT 1951 


4 
hy. 
; vol. 33B, 
B 
H 
| 


HOMOGRAFTS AND THE BONE BANK 


J. J. HERBERT, AIX-LES-BAINS, FRANCE 


From the Rheumatism Centre of Aix-les-Bains 


The idea of preserving bone for use in surgery is not new. Carrel in 1912 recorded that 
two Frenchmen, Tuffier and Magitot, had obtained good results by implanting bone and 
cartilage that had been refrigerated for several months. But, because all the investigations 
which followed the 1914 war tended to show that homogenous and heterogenous grafts would 
not generally ‘“‘ take,” the idea gained very little root in France. The many successful cases 
reported by Ollier (1867), Macewen (1912) and others were considered exceptions, and it was 
thought that an individual could be grafted only with his own bone. As early as 1920, however, 
Leriche had successfully transferred unpreserved heterogenous bone and also human bone 
preserved in spirit. But in the main it was the orthopaedic surgeons of New York—particularly 
Wilson (1947)—-who first perceived the advantages of refrigeration, and they greatly advanced 
the use of preserved bone. It is now known that there is little difference in the behaviour of 
bone grafts in the body, whether they be autogenous, homogenous or even heterogenous. 


EFFECT OF COLD ON BODY TISSUES 

In preserving bone tissue it is of paramount importance to protect cellular integrity. 
’ Refrigeration engineers have shown that this is best ensured by rapid freezing. If the cooling 
is slow the water and salts separate, the water freezes, and cells are destroyed by the formation 
of large ice-crystals. If on the other hand cooling is rapid, separation is prevented, the crystals 
are smaller, and cellular destruction either does not occur at all or is negligible. Histological 
examinations made for me by Dr Gerbay suggest that the preservation of cellular integrity 
depends not only upon the rapidity of the freezing process itself but also on the speed with 
which it is instituted. For example, if less than half an hour elapses before freezing of the 
bone is begun, cellular integrity is almost completely maintained; but an interval of more 
than an hour will cause the destruction of many cells. It is suggested that under the above 
conditions the tissues are not killed by the low temperature but live again when they are 
thawed. (In this connection there are interesting reports by commercial fisheries that fish, 
frozen on leaving the water, can live and swim again months later if they are carefully thawed.) 
Experience has shown that the best temperature at which to freeze bone lies between —30 
degrees and —40 degrees Centigrade.* At lower temperatures an outer layer of the bone is 
instantaneously frozen but the central parts lose their heat much more slowly. 


EFFECT OF COLD ON BACTERIA 
It is known that pathogenic bacteria thrive best in a temperature of about 37 degrees and 
that their resistance to cold varies greatly. Bacillus pyocyaneus, for instance, can resist even 
—75 degrees (Darsonval and Charvon 1934). Mossu (1934) reported that B. tuberculosis 
has been plunged into liquid air at —200 degrees without being damaged; and Turner (1938), 
working on rabbits, showed that the treponema can regain its mobility and virulence even 
after four months’ preservation at —78 degrees. The present writer has preserved colonies 
of staphylococci for several months at —30 degrees; there was no evidence that their virulence 
decreased, and growth began again when normal conditions were restored. On the other 
hand the vitality of B. coli, B. typhus and B. prodigiosus is much reduced by severe cold; 
and all bacteria, even if they are unharmed, cease to grow when in contact with cold. It is 


* Throughout this paper temperatures referred to are on the Centigrade scale. 
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clear from these observations that although freezing may inhibit the growth of a micro- 
organism it cannot be relied upon to render a graft aseptic; rigid aseptic precautions must 
be observed in taking and storing grafts, and careful bacteriological control is essential. 


BEHAVIOUR OF A GRAFT PRESERVED BY FREEZING 

It is obviously important to know how a frozen graft will behave after thawing and 
implanting in the recipient tissue. Ollier (1867), Heitz-Boyer (1918), Leriche and Policard 
(1928) in France; Macewen (1912) in Great Britain; and Phemister (1930), Campbell (1939), 
Ghormley and Stuck (1934), Albee (1940), and Inclan (1942) in the United States of America 
believe that any bone graft dies completely and is replaced by new bone which creeps in 
from the host. Among other writers, Leriche (1950) believes that the bone cells do not die 
and that the grafted bone is able to develop partly by its own efforts and partly by those 
of the host. Leriche thinks, moreover, that the bone graft can serve indefinitely as an internal 
splint without being replaced by new bone, and he speaks of instances of ivory grafts eighteen 
years old. I have myself observed a patient who had had a massive graft inserted along the 
lumbo-dorsal spine twenty years previously, and that graft according to pathological 
examination was still intact when I operated a second time. I mention this case particularly 
because refrigeration has enabled us to use amputated bones, which can be of very great 
size and which I have found most useful in dealing with massive spinal grafts. An entire 
tibia for example can be stored for later use. 

My observations have led me to believe the following: 1) sometimes the graft dies and 
is replaced in its entirety by new bone ; 2) sometimes the graft dies only partly with replacement 
to that extent; 3) sometimes the graft dies entirely and is only partly replaced; 4) sometimes 
the graft dies and is not replaced but remains as an inert internal splint. Although in the 
course of subsequent operations I have observed that the bone graft may bleed—an evident 
sign of vitality—and although in children I have noticed growth in the length of bone grafts— 
particularly those inserted in the spine—most of the knowledge of the process of replacement 
depends on radiological observations. At the end of about two months the grafts appear to 
have been decalcified; about the fourth month invasion by new bone is in progress, and at 
the end of about six months replacement appears to be complete. 


PRACTICAL ASPECTS OF THE BONE BANK 
Obtaining the grafts—In practice we have mostly taken our bone from amputated limbs, 
but it can equally well be taken from cadavers directly after death. The donor should be 
known to have had a negative Wassermann reaction, to have had no blood dyscrasia, and 
to have been free from disease of the bones. The experiments of Brooks and Hudson (1920) 
on animals show that it is theoretically preferable for the donor to be (or to have been) young. 
But, in the present writer’s experience, grafts taken from elderly subjects are satisfactory. 
Neither the blood group nor the Rhesus factor is of any importance. 

Storing the grafts—The American practice is to put the graft into a steel tube which is 
then itself sealed inside a sterilized bottle. It is argued that better asepsis is so achieved; 
but in the writer’s opinion it has the grave defect of lessening the speed of freezing. I believe 
that one properly sealed tube is an effective protection, and have never had a graft become 
septic. I put my grafts into sterilized tubes, which are hermetically sealed with a layer of 
rubber and then labelled and dated. The graft must be transferred very rapidly to the tube 
in order to prevent contamination by air-borne organisms and deterioration of the bone 
tissue. The tubes are immediately placed in the freezing chamber of the refrigerator and 
later transferred to the preserving compartment. There is, in my opinion, no limit to the 
time that the graft can be safely stored. I have, without subsequent cause of regret, used 
grafts that had been preserved for more than five months. 
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CONSERVATION 
-20 


Fic. 1 
Equipment for storing bone and blood. The bone bank (left) has two compartments— 
one for the initial ‘‘ quick freeze” at —35° C., and the other for storage at — 20°C. The 
blood bank (right) has a separate compressor. Switches, thermometer dials, thermostats, 
pilot lights and alarm lights are grouped on a single panel. 


Fic, 2 
Figure 2—The sealed tubes containing bone grafts are suspended in liquid. The photograph also shows 
the blood bank’s separate entrance. Figure 3 (inset) shows bone in a sterile glass tube, sealed with rubber 
and labelled, ready for refrigeration. 
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Technical details—Early American and other investigators, including myself, used an 
ordinary refrigerator capable of creating a very low temperature. The tubes containing the 
bones were placed in this refrigerator at a temperature of —30 degrees to —35 degrees. But 
since still air is a very poor conductor the freezing process was slow. Sicard and Binet 
(1950) improved the apparatus by arranging that the material to be frozen was placed very 
close to the icing chamber. Theoretically the rate of freezing (in hours) is the figure obtained 
by multiplying the difference between the temperature of the refrigerant and that of the 
specimen by the distance which separates the two, and also by a constant which depends on the 
refrigerant and the specimen. Among other factors, the rate of freezing depends upon what 
elements are in contact. It is known that freezing occurs much more rapidly if conduction 
is by a fluid than if conduction is through air. In practice the best results are obtained if 
the tubes containing the specimens are plunged into a mixture which remains liquid at the 
low temperature required. A mixture of ethyl glycol and water is suitable for this purpose. 
The apparatus used by the writer has two compartments: in one part the temperature is 
maintained at —35 degrees and in the other at —15 degrees. The graft is sealed in the tube 
as quickly as possible and plunged into the glycol mixture in the colder part of the apparatus; 
after a few minutes the tube is moved to the less cold compartment, where it is preserved 
and can remain indefinitely (Figs. 1 to 3). 


OPERATIVE TECHNIQUE AND RESULTS 

When the size of the intended graft has been estimated, an appropriate piece of bone is 
taken from the bank and is placed in a physiological solution containing penicillin. The 
graft bed is prepared, and the graft is cut to fit and placed in position with some small 
cancellous fragments to serve as “‘ cement.” 


TABLE I 


ANALYSIS OF EIGHTY-TWO CASES IN WHICH REFRIGERATED GRAFTS HAVE BEEN USED* 


Spinal fusion Other bone grafting operations 


Idiopathic scoliosis . ‘ ae Arthrodesis of hip 7 
Paralytic scoliosis. ‘ ; 7 Pseudarthrosis of hip 1 
Tuberculous disease . Sacro-iliac arthritis 1 
Vertebral osteotomy . 4 Radio-carpal arthrodesis . 2+ 
Fracture of spine H Reconstruction after excision of 

Sciatica bone tumours 2 
Lumbago Non-union of fractures 1 
Spondylolisthesis 4 Mal-union of fractures 1 
Dural compression 2 Lengthening of femur 1 


Total Total 


To date, eighty-seven stored grafts have been used on eighty-two patients. Eighty of 
the grafts were homogenous and seven were heterogenous. Homogenous grafts are of course 
easier to obtain than heterogenous grafts, especially if cadavers are used, for then as many 
as thirty to forty grafts can be obtained at once; moreover, the asepsis of heterogenous bone 
is apt to be uncertain. (Heterogenous bone has been found to “ take”’ well, despite the 
foregoing theoretical risk.) In cases where autogenous grafts have been combined with 
homogenous grafts, no difference in progress between the two has been observed, and this is 
true also for the other combinations of homogenous, heterogenous and autogenous bone. 

A list of the conditions for which grafting with stored bone was done is given in Table I. 
Cases of scoliosis and of paraplegia with Pott’s disease are illustrated in Figures 4 to 10. 


* Since this list was first prepared the total has been increased by more than thirty cases of grafting with 
preserved homogenous bone. 
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Fic. 4 
Case 1I—Paralytic scoliosis, before 
correction, 


Fic. 5 Fic. 6 
Case 1, Figure 5—Immediately after operation. The graft extends from the 
sacrum to the mid-thoracic level ; it is held in position with wire and packed 
round with bone chips. Figure 6—Thirteen months after operation. The 
graft has been partly resorbed, but is still perfectly in position, and correction 
has been maintained. 
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Fic. 8 
Laminectomy was done at 


Fic. 7 
Case 2—Radiographs of a case of paraplegia with Pott’s disease. 
the level of the curve; two massive homogenous grafts were inserted, their ends fixed well 
into the spinous processes and additionally secured with fine wire. 
finally disappeared after operation; spinal correction was satisfactorily maintained. 


Paraplegia improved and 


Fic. 9 Fic. 10 
Case 3—Radiographs of a sixteen-year-old boy with scoliosis. Figure 9—Before operation. Figure 10—Post- 
operative anterior and lateral views. Correction is maintained with two massive homogenous grafts firmly 
fixed with wires which pass under the vertebral laminae. The space between the graft, the laminae and 
the spinous processes has been filled with cancellous bone. One of the two grafts is almost an entire fibula, 
the other is part of a fibula. 
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In conditions such as scoliosis—particularly paralytic scoliosis—where massive grafts 
are necessary, the bone bank, providing as it does very long pieces of cortical bone and 
abundant cancellous bone, has proved of the greatest value. 

Observation of these eighty-two grafts during their period of incorporation has not 
brought to light any defects attributable to methods of obtaining or storing the bone. In 
five cases the graft fractured, but the cause was in each instance due to insufficient support 
of a very long graft. Where such an incident has occurred it was sufficient either to immobilise 
the part for a little longer or to place a small amount of cancellous bone around the fracture. 
I am so satisfied with stored bone as a grafting agent that its use is now my usual practice 
and I no longer entertain the idea of any other source of bone for my grafts. 


SUMMARY 


The technique of storing bone by refrigeration is described and the following advantages 
are indicated: 1) A patient avoids a second wound and the loss of bone from some other 
part of the body; this is a very important matter for patients in whom poliomyelitis has 
affected both legs. 2) Almost unlimited bone is available to the surgeon and he is consequently 
able to insert very large grafts and so obtain better results. 


REFERENCES 


ALBEE, F. H. (1940): Bone Graft Surgery in Disease, Injury and Deformity. New York: D. App!eten- 
Century, Co. 

Brooks, B., and Hupson, W. A. (1920): Studies in Bone Transplantation. An Experimental Study of the 
Comparative Success of Autogenous and Homogenous Transplants of Bone in Dogs. Archives of Surgery, 
1, 284. 

CAMPBELL, W. C. (1939): Operative Orthopedics. St Louis: C. V. Mosby Co. 

CARREL, A. (1912): The Preservation of Tissues and its Applications in Surgery. Journal of the American 
Medical Association, 59, 523. 

DarsonvVAL and CHARVON (1934): In Techniques de conservation des Dentées par M. Piettre. 

GuorMLey, R. K., and Stuck, W. G. (1934): Experimental Bone Transplantation, with special reference 
to the effect of ‘‘ Decalcification.’’ Archives of Surgery, 28, 742. 

Her117-Boyer, M. (1918): Du processus ostéogénetique de réparation aprés les fracas osseux de guerre 
(Avec Scheikevitch). Comptes rendus hebdomadaires des séances et mémoires de la Société de Biologie, 81, 
192. 

HERBERT, J. J. (1949): De l'utilisation des os conservés comme greffes. La banque d’os. Mémoires de 
l’Académie de Chirurgie, 75, 60. 

HERBERT, J. J., and PaiLiot, J. (1950): Les greffes, osseuses conservées par réfrigération, Résultats et 
indications. Mémoires de |’ Académie de Chirurgie, 76, 372. 

INcLAN, A. (1942): The use of preserved bone graft in orthopaedic surgery. Journal of Bone and Joint 
Surgery, 24, 81. 

LERICHE, R., and Poticarnp, A. (1928): The Norma! and Pathological Physiology of Bone: its Problems. 
Translated by S. Moore and J. A. Key. St Louis: C. V. Mosby Co. 

LeRIcHE, R. (1950): Sur les greffes d’os mort et sur les greffes omoplastiques et hétéroplastiques. Mémoires 
de l’ Académie de Chirurgie, 76, 389. 

MaceweEn, W. (1912): The Growth of Bone. Observations on Osteogenesis. An Experimental Inquiry 
into the Development and Reproduction of Diaphysial Bone. Glasgow: James Maclehose and Sons. 
Moussu, G. (1934): In Techniques de conservation des Dentrées par M. Piettre. 

Ox.ieR, L. (1867): Traité expérimental et clinique de la régénération des os et de la production artificielle 
du tissu osseux. 2 volumes. Paris: V. Masson et fils. 

PHEMISTER, DP. B. (1930): Repair of Bone in the Presence of Aseptic Necrosis Resulting from Fractures, 
Transplantations, and Vascular Obstruction. Journal of Bone and Joint Surgery, 12, 769. 

Sicarp, A., and Binet, J.-P. (1950): Les greffes osseuses homogénes conservées. Mémoires de |’ Académie 
de Chirurgie, 76, 274. 

TuRNER, T. B. (1938): The Preservation of virulent Treponema pallidum and Treponema pertenue in 
frozen state; with a note on the preservation of filterable viruses. Journal of Experimental Medicine, 67, 61. 


THE JOURNAL OF BONE AND JOINT SURGERY 


4 

q 
q 
| 
28 

4 


STUDIES OF PAGET’S DISEASE (OSTEITIS DEFORMANS)* 


Max LAKE, MELBOURNE, AUSTRALIA 


Formerly Surgical Registrar, Brisbane General Hospital 


In this paper are recorded the results of studies into two of the complications of Paget's 
disease— sarcoma and fracture. 


1. SARCOMA COMPLICATING PAGET’S DISEASE 


Sarcoma is an invariably fatal complication of Paget’s disease of bone. Solution of the 
problems it presents may aid the understanding of all sarcomas of bone, and certain facts 
have emerged from a study of the present series and from cases recorded in the literature. 
In Paget’s second commentary (1882) on osteitis deformans he recorded several examples of 
malignant tumour in his small series, of which at least two were bone sarcomas. The 
association of sarcoma with Paget’s disease is now unquestioned, although there is no 
agreement on its incidence. Recorded cases are probably only a small fraction of the total. 

Schajowicz collected all the published cases of Paget’s sarcoma up to 1942 and this 
registry was enlarged by Sumney and Pressly (1946). Since then nineteen more sarcomas 
have been recorded (Dickson et al. 1945, Platt 1946, Russell 1949, Sear 1949) to which seven 
are added now (Appendix I). The significant features of this collected series (total, 102 cases) 
are reviewed in this paper. 


Incidence 

The incidence of sarcoma in osteitis deformans has been calculated variously between 
2 and 15 per cent (Bird 1927, Breslich 1931, Coley and Sharp 1931, and others). Sear 
(1949), who had seen twenty-three cases, considered that less than 2 per cent of patients 
with Paget’s disease develop sarcoma. The present writer is in agreement with this view, 
for it must be borne in mind that Paget’s disease is commoner than might be expected: 
many cases are discovered accidentally during routine pyelography, barium meals and 
other radiographic studies. However, of patients in hospital with Paget’s disease at 
the Brisbane Hospital between 1943 and 1949, 5 per cent developed sarcoma of bone. 
Age—The age incidence was similar in a 
series of 140 cases of Paget’s disease and in 
102 collected cases of sarcoma complicating 
this disease (Fig. 1). Figures from the Registry Pe 
of Bone Sarcoma in 1931 showed that 27-4 per ra 
cent of bone sarcomas in patients over fifty 
years of age occurred as complications of 
Paget’s disease (Coley and Sharp 1931). 


PAGET'S DISEASE 


NUMBER OF CASES 
3 


However, bone sarcoma at this age without 
. A 
Paget’s disease is now much less common pe / . 
than these figures indicate. at x 
Sex—Four-fifths of the collected cases 
50 60 70 80 90 
ales, whereas uncomplicate 
occurred in males, plicated 
Paget's disease shows little if any male age 
1G. 
predominance. Age incidence in 140 cases of uncomplicated 
Paget's disease and in 102 cases of Paget's disease 
* Australian Orthopaedic Association Prize Essay, 1950. complicated by bone sarcoma. 
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Trauma—tThe incidence of trauma, and its evaluation as an etiological factor in Paget’s 


sarcoma (and in all bone sarcoma) must await accurate statistical analysis, as Coley (1949) 


and others have pointed out. Furthermore, there may be difficulty in excluding 


traumatic 


determinism ’’—Ewing’s term for local injury providing the first notice of a pre-existing 
lesion. The following notes are therefore limited by these provisos. In Case 2 (Appendix I) 
there were three fractures during the two years preceding development of Paget’s sarcoma. 
In Case 5 a sarcoma developed behind the patella, which had been fractured ten years before. 
In Case 6 the patient attributed her sarcoma to a fall fourteen months previously. There 
is a previous history of trauma in many other recorded cases. From the three cases mentioned 
it is difficult to escape the impression that injury, either general or local, is an important 

perhaps a precipitating—factor in the genesis of many Paget’s sarcomas. Sarcoma after 
iracture is uncommon, but not unknown. Willis (1948) has emphasized that injury to a 


carcinogenically prepared area, perhaps of long standing, may precipitate tumour formation. 


Pathology 


Paget’s sarcoma is highly malignant; the average survival period is shorter than for 
“ordinary ’’ bore sarcoma. Sarcoma is said to arise more commonly in the vascular phase 
of osteitis deformans. Its origin is frequently subperiosteal (Jaffe 1933) and often multicentric 
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Incidence of Paget's disease, sarcoma com- 
plicating Paget’s disease, and ordinary 
bone sarcoma, in various bones. Figures on 
the left indicate frequency of sarcomatous 
change in Paget’s disease (from 102 
collected cases) and (in parentheses) the 
frequency of ‘‘ordinary’’ bone sarcoma 
(from Coley 1949). Figures on the right 
indicate frequency of uncomplicated 
Paget’s disease (from Schmorl 1932). 
Depth ot shading indicates at a glance 
the commonest sites of sarcoma com- 
plicating Paget's disease. 


(32 per cent in the collected cases). Metastasis is by 
dissemination through blood vessels or lymphatics 
(Gruner et al. 1912), but the abdominal cavity often 
seems to escape. The duration of pre-existing osteitis 
deformans varies, and may be up to thirty-five years. 
Histologically, in some cases there is a gradual 
transition from the apparently simple process of 
Paget’s disease to « state of diffuse malignancy, but 
in others there may be an abrupt change to neoplastic 
cells. If the incidence of Paget’s sarcoma and of 
“ordinary ’’ bone sarcoma is compared with that of 
uncomplicated Paget’s disease, several significant 
points emerge (Fig. 2; Table I). There is no certain 
relationship between the sites of maximal incidence 
of uncomplicated Paget’s disease and of Paget’s 
sarcoma. Where sarcoma is common, as in the 
humerus, uncomplicated Paget’s disease is not. Where 
sarcoma is less frequent, as in the vertebrae, sternum 
and clavicle, Paget’s disease is common. Some local 
factor may determine the development of Paget's 
bone into sarcoma, and trauma immediately suggests 
itself. In the skull, where ordinary bone sarcoma is 
rare, Paget’s sarcoma is not uncommon. 
Cell type—Cell anaplasia in bone sarcoma com- 
plicating Paget’s disease is frequent. The cell types 
were unrecorded in nineteen of the collected series. 
In the remainder the relatively high frequency of 
anaplastic spindle- and round-cell type is interesting 
(Table II). Fibrosarcoma in Paget's disease and 
“ordinary ”’ fibrosarcoma are about equally common 
in the affected age group as shown by comparison 
of the present series of Paget’s sarcoma and a series 
that included all types of fibrosarcoma (Meyerding 
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et al. 1936). This focuses attention on the conjecture that osteogenic sarcoma is merely 
fibrosarcoma ossified by virtue of its environment (Leriche and Policard 1926). The 
fibrosarcomas seen by the writer have been very well differentiated histologically. 

The variety of cells in these sarcomas suggests that all cell types found in Paget’s bone 
are able to respond to the neoplastic stimulus. No report of a Ewing's tumour in osteitis 
deformans is known. 


TABLE I 


COMPARATIVE INCIDENCE OF SARCOMA COMPLICATING PAGET’s DISEASE, 
SARCOMA OF BoNE IN GENERAL AND UNCOMPLICATED PAGET’s DISEASE 
IN THE BONES THAT ARE INFREQUENTLY AFFECTED 


All Uncomplicated 
bone sarcoma Paget's disease 
Site (per cent of 
ell cases) (per cent of (per cent of 
, all cases) all cases) 
Scapula 6 3 
Ribs 5 4 7 
Radius 3 2 
Ulna 3 0-3 
Clavicle 3 0-6 13 
Maxilla 1 
Mandible 1 
Sternum 1 1 23 


TABLE II 
CELL Type IN 102 CAsEs OF SARCOMA COMPLICATING 
PaGet’s DISEASE 
(After Willis) 


Cell type Number of cases 
Osteosarcoma (all types) . 67 

osteogenic . 33) 
polymorphic-cell 
spindle- and round-cell 21 
chondrosarcoma 3) 

Giant-cell sarcoma 7 

Ewing’s tumour 

Unrecorded 


Total 


Biochemical Features 


Alkaline phosphatase—The usually elevated phosphatase of Paget’s disease often rises 
further when sarcoma supervenes, falling to lower levels after amputation, except in the 
presence of metastases or multicentric origin of the tumour (Fig. 3). The malignant osteoblast 
produces phosphatase even when morphologically indistinguishable from a_ fibroblast 
(Franseen and McLean 1935), so that a rise in phosphatase after amputation denotes a very 
poor prognosis. There may be a terminal fall in phosphatase level if much central necrosis 
of the growth occurs (Franseen and McLean 1935). 

Magnesium—Several facts about the metabolism of magnesium suggest a new line of 
investigation in Paget’s sarcoma and bone sarcoma in general. Magnesium increases the 
solubility of bone calcium and phosphorus (Gill and Stein 1936). Paget’s bone contains 
considerably more magnesium than ordinary bone (Newton 1939). Haury (1942) found that 
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increased magnesium in the culture medium of a tumour caused increased growth, and that 
after injection magnesium is stored in tumours. Lastly, there is a higher magnesium 
concentration in neoplastic than in normal tissues (Haury and Cantarow 1941). 


VISIBLE METASTASES 


(DIED 2 MONTHS LATER) 


—«B 
(ALIVE AND WELL) 


ALKALINE PHOSPHATASE (K.A.U.) 


AMPUTATION WEEKS 


Fic. 3 
The serum alkaline phosphatase from two patients with sarcoma 
complicating Paget’s disease. A (Case 5, Appendix I) is an ex- 
ample of the hopeless outlook with a steadily rising phosphatase 
after amputation. B (Case 7, Appendix I) has a good immediate 
prognosis. 


Discussion 

It is worthy of emphasis that the two peaks of incidence of bone sarcoma are related to 

maximal epiphysial growth (adolescence) and to active Paget’s bone (‘‘ menopause " and 

later). This study has also brought out the much higher incidence of Paget’s sarcoma in 

’ males than females. The obvious common factors of importance are: 1) actively growing 

vascular bone; and 2) changes in hormonal balance occurring at the extremes of gonadal 
activity. 

It follows that attempts to suppress androgens and their effects are rationally based. 

Yet although in some cases of bone sarcoma radiological evidence of lung metastases has 


TABLE III 
TREATMENT IN SEVEN CASES OF SARCOMA COMPLICATING PAGET'S DISEASE 


Case 


Site of sarcoma Treatment Course 


Left ilium Palliative X-ray therapy Died four months after onset 


Right ulna 
2 Left ilium Symptomatic Died four months after diagnosis 
Metastases 


3 Multicentric Full course X-ray therapy Died six months after diagnosis 
S ~ “Tic 
4 Right femur ¢ ubtrochante sa Not traced 
amputation 
5 Right femur Subtrochanteric Died about three months 
amputation after amputation 


Pre-operative 


X-ray therapy Alive and well 
6 Left femur Subtrochanteric fifteen months later 
amputation 


7 Right humerus Subcapital amputation 


Alive and well six months later 


disappeared after administration of oestrogen, the final course was in no way altered, so 
that some other carcinogenic factor continues to operate. Further investigation of the 
significance of the relatively high incidence in males may still be valuable. 
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Trauma, possibly the third etiological factor, may act as an osteoblastic stimulus and 
thus precipitate neoplasia in a previously prepared bone. To borrow Osler’s parable, the 
Paget's soil seems to provide ideal conditions for the transition to malignancy, and the 
progress of leukoplakia to carcinoma is in many ways analogous to the development of 
sarcoma in bones affected by osteitis deformans. 

Prognosis—Fewer than five of the patients in this collected series survived two years. 
One of Platt’s (1950) patients survived five years after amputation, the longest period re- 
corded. Serial phosphatase estimations are a relative guide to the patient’s progress. 
Treatment. Prophylaxis—A patient with Paget’s disease who has pain, swelling or known 
injury should be subjected to the closest scrutiny—clinical, radiological and biochemical 
(phosphatase) examinations, to be repeated within one month, and again if there is still 
doubt. There should be no hesitation in performing biopsy when doubt persists. Fractures 
slow to heal call for similar precautions, especially when there is radiographic evidence of 
marked proliferation or rarefaction. 

Treatment of established sarcoma—-The available methods of treatment are ineffective, and 
most patients die within two years of diagnosis. No discussion of methods will be attempted. 
The patients in this series were all subjected to amputation when feasible, with or without 
pre- or post-operative radiation (Table III). Oestrogen and adrenal cortical extracts, although 
not of immediate therapeutic value, hold experimental promise. 


Summary and Conclusions 


Sarcoma complicating Paget’s disease is uncommon; ninety-five cases have been collected 
and seven further cases are now reported. Sarcoma probably complicates less than 2 per cent 
/ of all cases of Paget’s disease. There is a relatively high incidence in males, especially in the 
sixth decade, whereas bone sarcoma over the age of fifty years without osteitis deformans is 

rare. Injury is prominent in the history of many cases. 
Comparison of Paget’s sarcoma, “ ordinary ”’ bone sarcoma and the bones affected by 
uncomplicated osteitis deformans reveals some important differences. As to the type of 
tumour, osteogenic sarcoma is the commonest, but fibrosarcoma and round-cell sarcoma 


are also frequent. 

The serum phosphatase is a most useful prognostic guide in a disease with a generally 
poor prognosis. Magnesium metabolism in relation to bone sarcoma requires further study. 

Prophylaxis is based on a clinical suspicion of this complication in Paget’s disease, and 
measures are outlined which may be of assistance. 

Sarcoma in Paget’s bone is highly lethal, but Nature in striking down these old people 
may have provided us with facts which will ultimately solve problems common to all sarcomas 
of bone. 


APPENDIX I 


Seven Cases of Sarcoma Complicating Paget’s Disease 


Case 1—F. C., male aged forty-two years. Sarcoma of left ilium. Complained of pain left hip 
and knee, and fever, for five weeks. Previously in good health. On examination he appeared very 
ill. Left hip held in flexion; much pain in thigh. Mass felt in left iliac fossa. No obvious signs of 
Paget’s disease. W.B.C. 18,000 per cubic millimetre. Radiographs showed irregular sclerosis of 
the left ilium and ischium, with central erosion suggestive of sarcoma. Skull showed Paget's disease. 
Biopsy—Centre of mass almost pure blood, with fragments of bone. Histological examination (Dr 
J. V. Duhig)—Highly vascular connective tissue and membranous bone production with changes 
typical of Paget’s disease. Cultures were sterile. Progress—Palliative radiation therapy failed to 
slow the sarcoma. Death occurred three months later. No autopsy. 

Comment—Diagnosis mainly on radiological grounds. Sarcoma probably anaplastic. 
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Case 2—B. B., male aged fifty years. Multicentric sarcoma of right ulna 
and left ilium. Complained of swelling and pain in right wrist for one 
month during after-treatment of a slowly healing fracture of left femur. 
Known to have Paget’s disease for twenty years. Previous fractures 
neck and shaft of right femur. Radiographs showed osteosarcoma of 
right ulna (Fig. 4). Biopsy—Gelatinous cystic tumour. Histological 
examination (Dr J. V. Duhig)—Osteitis deformans. Much young 
fibroblastic tissue, abundant osteoblasts. Some of the tissue well 
differentiated and fibrous. Fibrosarcoma. Progress—Lung metastases 
developed. Death occurred three months later. A utopsy—Typical Paget's 
humeri, tibiae, forearms, calvarium and pelvis. Thoracic viscera 
extensively seeded with secondaries. Sarcoma of left iliac crest. 
Comment—Previous Paget's disease for twenty years not unusual. 
Sarcoma diagnosed by clinical observation during convalescence after 
fracture. 


Case 3—E. T., female aged seventy-six years. Multicentric sarcoma of 
left femur, right femur, sternum and left maxilla. Complained of 
persistent pain in thighs for one month. Radiographs at that time 
showed a suspicious area in the right upper femur, with Paget's disease. 
ins. “Sic Relh metas She refused biopsy and was discharged after course of radiation therapy. 
tion of bone at lower end Two months later returned with more pain in knees. Known to have 
of ulna, suggesting Paget's disease for eight years; admissions for congestive cardiac failure, 
sarcoma complicating diabetes mellitus, and basilar invagination. Examination revealed a 
Paget's disease. mass in the left upper thigh, manubrium sterni, and later in left maxilla. 
Breasts and thyroid normal. Radiographic examination—Evidence of 
sarcoma in Paget's disease left femur. No evidence of pulmonary metastases. Progress—Became 
rapidly worse; died from bronchopneumonia six and a half months later. No autopsy. 
Comment—Diagnosis principally radiological. This patient also had 
diabetes, a frequent association. 


Case 4—C. R., male aged sixty-three years. Sarcoma right femur. 
Complained of pain in right lower thigh of several months duration, 
and a popliteal swelling for one month. Known to have Paget’s disease 
for two years. On examination—Paget's disease of skull and limbs. 
Warm, hard swelling at apex of popliteal fossa, attached to femur. 
Overlying skin mottled. Radiographs showed sarcoma complicating 
Paget's disease (Fig. 5). Progress—Amputation of femur. Subsequent 
course not traced, presumably died. Histological examination of 
amputated specimen (Dr J. V. Duhig)—General structure of spindle- 
cell sarcoma, with great variety of polygonal multi-nucleated forms. 


Case 5—J. H., male aged fifty-six years. Sarcoma right femur. 
Complained of pain and swelling of right knee for seven months; 
fractured right patella ten years previously, sutured with kangaroo 
tendon. On examination—Clinical changes of Paget's disease. Large 
bluish tumour right knee which was cool and not tender. Radiographic 
examination—Sarcoma right femur. Progress—Subtrochanteric amputa- 
tion right femur. Femoral glands enlarged (no deposits microscopically). 
Serial phosphatase estimations are shown in Figure 3 (Case A). Patient 
died some months later with obvious metastases in frontal bones. No 
autopsy. Histological examination of amputated specimen—Fibrosarcoma 
in Paget’s disease of bone. 

Comment—Injury prominent in history. 


Case 6—M. W., female aged fifty-nine years. Sarcoma left femur. 

Complained of painful, swollen, stiff left knee for eight months, attributed 

to fall fourteen months previously. Relief by rest. Loss of weight 

(2 stones [28 lb.| in twelve months). Examination—Hot, red, tender, Fic. 5 
swollen left thigh; mass lower end of left femur. Joint effusion. Case 4—Paget’s disease 
Radiographic examination—Sarcoma of left femur with soft-tissue of right femur with 
spread ant destruction of lateral condyle (Fig. 6). Paget’s disease in ee ae ee 
skull. Progress—Pre-operative radiation therapy; subtrochanteric femoral shaft. 
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amputation. Patient alive and well fifteen months after operation. Histological examination 


of amputated specimen—osteogenic sarcoma. 
Comment—Injury to knee six months before clinical evidence of sarcoma is suspicious. 


Fic. 6 
Case 6—Sarcoma of left femur 
complicating Paget’s disease. 


Fic. 7 Fic. 8 
Case 7—Initial radiograph (Fig. 7) showed marked Paget changes 
with degenerative arthritis of the elbow joint but no definite evidence 
of sarcoma. Radiograph six months later (Fig. 8) showed a large 
area of bone erosion in the lower end of the humerus. 


Case 7—R. B., male aged fifty-four years. Sarcoma of right humerus. Complained of dull pain 
Intermittent at first, lately constant, relieved by elevation. 
Paget's disease for twenty years. 


lower right humerus for six months. 
Previous ‘‘ rheumatism ”’ for one year, relieved by aspirin. 
Father and sister affected. On examination—Right cubitus valgus and hard mass in right elbow 


voL. 33 B, no. 3, auGcust 1951 


pat 
ag 
‘ 
j 
ing 


330 M. LAKE 


joint, fixed to posterior aspect humerus. Radiographic examination—Early radiographs, at onset 
of symptoms, showed arthritis of the right elbow joint, and Paget’s disease (Fig. 7). Further 
radiographs taken after admission to hospital six months later showed evidence of sarcoma of 
right humerus (Fig. 8). Progress—Subcapital amputation right humerus. Alive and well five 
months after operation. Serial phosphatase estimations are shown in Figure 3 (Case B). 
Histological examination of amputated specimen (Professor Canny)—Tissue appears sarcomatous ; 
major differentiation towards fibrous tissue. No differentiation towards osteogenic sarcoma seen. 
Comment—This case reveals the danger of relying solely on ancillary methods. The early 
radiographs did not give definite evidence of sarcoma, but history of progressive pain was suggestive. 
Strong family history of Paget’s disease. 


APPENDIX II 


TWENTY-FIVE CASES OF SARCOMA COMPLICATING PAGET’s DISEASE REPORTED IN THE LITERATURE SINCE 
1945. SvuPPLEMENT TO THE TABLE PREPARED BY SUMNEY AND PREssLy (1946) WHICH INCLUDED 
SEVENTY-SIX COLLECTED CASES 


Collected 
case Author 
number 


Location and histological 
type of sarcoma 


Dickson, Camp, Ghormley 
Case 1 5° S Osteogenic sarcoma tibia 
Osteogenic sarcoma ilium 
Fibrosarcoma thigh 
Giant-cell tumour ilium 


Spindle-cell sarcoma lower femur 
Spindle-cell sarcoma lower femur 
Sarcoma pubis, body L.3, chest 
Spindle-cell sarcoma upper humeri 
Polymorphic-cell sarcoma upper humerus 
Spindle-cell sarcoma upper humerus 


Russell 
Case 1 2 Malignant osteoclastoma upper femur 
Malignant osteoslastoma parietal 
Malignant osteoclastoma tibia 
Sear 
Case 1 Sarcoma ilium 
2 Sarcoma femur 
Spindle-cell sarcoma femur 
Osteogenic sarcoma tibia, ribs and 
vertebrae 
Sarcoma pubis 
Sarcoma ilium and pubis 


Sarcoma ilium 
Fibrosarcoma ulna, ilium 
Sarcoma femora, sternum, maxilla 
Sarcoma femur (osteogenic) 
Fibrosarcoma femur 
Spindle-cell sarcoma femur 
Fibrosarcoma humerus 
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2. FRACTURES COMPLICATING PAGET'S DISEASE 


Fracture is probably the commonest complication of Paget’s disease. There is still 
justification for the statement that such fractures are “ recognised, taken for granted and 
forgotten ’’ (Ghormley et al. 1937). This survey has two aims: to review a series of fractures 
in Paget’s disease, and to discuss biochemical advances applicable to their treatment. 

Reifenstein and Albright (1944) studied the metabolism of two patients while immobilised 
with fractures complicating Paget’s disease, and their views are presented below. Other 
authors have presented reviews of small numbers of cases, and most of the available series 
of Paget’s disease briefly mention the number of fractures in the total, but no detailed review 
of Paget’s fracture has been found in the literature of the last decade. 


Clinical Material 

Thirty-four patients were admitted for fracture, some more than once (a total of forty-five 
fractures) among 140 in-patients with Paget’s disease at the Brisbane Hospital between 1943 
and 1949. Four patients returned with a second fracture of the same bone, and a fifth with 
fracture in a different limb. One patient suffered three successive fractures, and ultimately 
developed a bone sarcoma. 

Twenty-two fractures occurred in the femur—sixteen in the neck, intertrochanteric and 
subtrochanteric regions, the remainder in the shaft. Other bones affected were tibia (eight 
cases), pelvis (six cases), fibula (four cases), humerus (two cases), spine, jaw and tarsus (one 
case each). 

In thirteen instances union occurred more rapidly than the average for such bones 
unaffected by Paget’s disease. There was delayed or absent union in six fractures, and four 

patients died during the convalescent period. The remaining twenty-two showed union in 
normal time. The age incidence was similar to that of uncomplicated Paget's disease. 
The fracturing injury was severe in at least six patients. In one no violence was known. 
Two patients not included in this series had Paget's disease in other bones, with no evidence 
of the disease in the broken limb. 


Discussion 
Incidence of fracture—No figures are available for the absolute incidence of fractures 
complicating Paget’s disease, but 24 per cent of the patients in our series of Paget’s disease 
were admitted for fracture. At the Mayo Clinic there were seventy-seven fractures in 367 
admissions for Paget’s disease (Dickson et al. 1945), and more than half of these fractures 
affected the vertebral column, compared to only one of our series. Early writers (Knaggs 1925, 
Packard e¢ al. 1901) thought that fracture was rare in Paget’s disease, doubtless for want of 
radiological facilities. 

Repair—There are two separate phases in Paget’s disease of bone. In the initial phase the 
bone is highly vascular, soft, and may sometimes be indented by digital pressure. Albright 
and Reifenstein (1948) believe that this change follows destruction of normal bone. In 
a later phase the bone is characteristically dense, sclerotic, and sometimes very brittle. Both 
processes may occur together. Fracture is commoner in the vascular phase (Dickson et al. 1945, 
O’Reilly and Race 1932, Schmorl 1932), when the usual long regular trabeculae of normal 
bone are replaced by short and very irregular processes which, with the softening, must 
lessen the tensile strength of the bone. 

Callus formation appears to be normal or enhanced in these fractures (Rogers and Ulin 
1936), but the impression has been gained from this study that in the vascular stage of Paget’s 
disease union is rapid, while in the sclerotic phase union is slow or fibrous, even though the 
callus may have been abundant and immobilisation satisfactory. Therefore while ossification 
appears defective in fractures in the sclerotic stage, in the vascular phase an unknown factor 
acts to accelerate union. 
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The type of fracture most commonly seen is Codman’s “ rotten wood ”’ or transverse 
fracture without comminution, and such fractures are not immune to the difficulties that 
transverse fractures of normal bone sometimes present (Urist and Johnson 1943). Refracture 
is not infrequent; it occurred in four cases of this series. Incomplete transverse fissures on 
the bowed side of bones affected by Paget's disease—the pseudofractures of Looser (Brailsford 
1938)—usually heal but may extend to become complete breaks. 

There is much periosteal proliferation in Paget’s disease, and this is enhanced when 
fracture occurs. The healing bone takes part in the Paget’s process (Jaffe 1933). Occasionally 
Paget's bone breaks at the site of a sarcoma, a fact to be remembered when examining a 
Paget's fracture. Rarely sarcoma may develop in a healing fracture. 

Physiological pathology. Effects of immobilisation—Bone is a tissue in a constant state of 
flux. Absorption and deposition of matrix and bone salts proceed together, principally 
governed in health by demands imposed on the bone by local stresses. Activity is the principal 
stimulus to bone deposition, while inactivity favours bone absorption. With enforced 
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immobilisation, absorption predominates and bone calcium is mobilised. This fact is easily 
confirmed by the Sulkowitch test (Barney and Jones 1941), by which increased urinary 
excretion of calcium can be demonstrated. Should there be any renal insufficiency, as is 
common in patients in the age group affected by Paget’s disease, calcium may be retained in 
the blood, and metastatic calcification may occur. In Paget’s disease, particularly when 
complicated by fracture, the effects of immobilisation are enhanced (Reifenstein and Albright 
1944). Two cases of the series are of interest in this respect. One patient sustained a fractured 
tibia, and after immobilisation for some months passed a small renal calculus of calcium 
phosphate and oxalate. The second patient developed radio-opaque renal calculi (not present 
in the pre-operative radiograph) during four months’ convalescence after prostatectomy. 
Although this patient had no fracture, and limitation of space forbids discussion of 
the many variables, both cases may be considered as examples of metastatic calcification 
consequent upon immobilisation in Paget’s disease. There have been two other reports of 
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patients, both of whom died, with metastatic calcification in this disease (Seligman and 
Nathanson 1945, Wells and Holley 1942). 

Magnesium metabolism—Haury’s study (1942) of two ununited fractures led him to believe 
that there is an optimal magnesium level for ossification of the fracture site. Magnesium is 
a co-enzyme of bone phosphatase, and is increased in the bone of Paget’s disease. These 
observations suggest that further study of the influence of magnesium in bone physiology 
is needed. 

The adrenal cortex—The writer's experiments support the proposition that the adrenal cortex 
plays some role in Paget’s disease, but just how important this may prove is difficult to 
determine in the light of present knowledge. The administration of adrenal cortical extracts 
to patients with Paget’s disease has altered the serum phosphatase considerably (Fig. 9), 
and has increased a tendency to diabetes found in many of these patients. 

Berman (1936) first suggested that the adrenal cortex played a part in Paget’s disease, 
and he considered that an imbalance between the adrenal cortex and the parathyroids was 
directly responsible. While it is true that the adrenal cortex indirectly influences calcium 
storage in bone (for example, osteoporosis in Cushing’s syndrome) there has not been any 
confirmation of his interesting hypothesis. Depression of adrenal cortical function by injury— 
Selye’s (1946) adaptation syndrome—causes a general curtailment of tissue metabolism. 
Fracture, especially in Paget’s disease, probably produces some modifying influence on the 
effects of the adaptation syndrome, because of the abundance of callus often seen around 
the bone ends. 

Treatment—Many of the fractures that complicate Paget's disease unite quickly and without 
incident. On the other hand, at least 13 per cent in the present series presented difficulties 
and slow union. The vascularity of the bone may make open reduction a chastening procedure 
if a transfusion has not been anticipated. Some writers (Lennox 1949, Watson-Jones 1943) 
have advised against the use of retained metal (nails, pins or plates), but internal fixation 
may sometimes have a place especially if the bone is not excessively soft or hard. Boéhler 
(1948), writing on the subject of intramedullary nailing, stated: ‘‘ Some cases of bone disease, 
e.g., Paget's disease, cannot be nailed if the medullary cavity is not patent. Asa rule, however, 
fractures in Paget’s disease are transverse and therefore particularly suited for medullary 
nailing.’’ He gave details of successful nailing of a mid-shaft of the humerus affected by 
Paget’s disease. One femoral neck in this series was nailed, with moderate success. Another 
attempt failed because the bone was very sclerotic. 

Early walking—*‘ Chemical death ’’—Albright and Reifenstein’s (1948) dramatic term for the 
sequelae of metastatic calcification in the aged—may follow prolonged immobilisation of 
Paget's fracture, as discussed above. The shortest period of immobilisation consistent with 
firm union should be the aim. 

Diet—Diet, and more specifically, calcium and fluid intake, is important in the patient 
immobilised with Paget’s disease. Increased calcium ingestion may be harmful to a system 
already overloaded by calcium released from bone by immobilisation, and may precipitate a 
chain of hypercalcaemic manifestations. Accordingly, high calcium foods should be restricted 
during the period of recumbency. Fluids must be copious because dehydration may affect 
the renal excretion of calcium. The average hospital diet, with free fluids, rarely culminates 
in hypercalcaemia, but the danger does exist, as emphasized by our two cases discussed above. 
It has been suggested that a high magnesium diet (Gill and Stein 1936) or magnesium 
carbonate given by mouth (Barney and Jones 1941) may be beneficial. 

Adrenal cortical extract—There is no adequate treatment for Paget’s disease. However, 
Berman (1936) found a lowering of serum phosphatase and subjective improvement with 
adrenal cortical extracts, and a trial of such treatment is in progress. The interim results are 
not hopeful. 
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Summary and Conclusions 


Fracture is the commonest complication of Paget’s disease, and one of the commonest 
types of pathological fracture. Thirty-four patients (with forty-five fractures) have been 
reviewed, and they constituted 24 per cent of the cases admitted to the Brisbane Hospital 
with Paget’s disease from 1943 to 1949. 

The vascular and sclerotic processes of Paget’s disease affect the healing of the fracture. 
It appears from this study that callus is abundant in both, but firm union is normal or 
accelerated in onset in the vascular stage, and delayed, sometimes indefinitely, in the sclerotic 
stage. Refracture is common. 

The usual decalcification consequent upon immobilisation is increased in Paget’s disease, 
particularly if renal disease is present, and must be limited so far as possible by early movement 
and walking. Two cases are quoted where failure to appreciate this resulted in renal calculi. 

High concentration of magnesium and phosphatase in the bone may be responsible for 
the rapid union so commonly seen. The adrenal cortex plays some role in Paget’s disease, 
at present uncertain. 

Open reduction and skeletal fixation are not always contraindicated. 

A minority of fractures complicating Paget’s disease do badly. After prolonged and 
careful supervision, either the patient dies or discouragement gains the upper hand. A modest 
wish is that this review may help to thin the ranks of such cases. 


Any merit this paper may have is largely due to Mr Konrad Hirschfeld’s kind help and criticism. I also 
wish to thank Mr T. V. Stubbs Brown for permission to record his cases, Mr Don Watson for some excellent 
suggestions, my former colleagues at the Brisbane Hospital for their aid, and last but not least my former 
Chief, Professor Neville Sutton, for his freely given assistance and permission to report a case. 
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VOLKMANN’S ISCHAEMIC CONTRACTURE AND ITS RELATIONSHIP 
TO FRACTURE OF THE FEMUR 


Stuart A. THoMsoNn and Leo J. MAHONEY, TORONTO, CANADA 


From the Hospital for Sick Children, Toronto 


Volkmann’s ischaemia is still an uncommon condition. During a fifteen-year period in 
Platt’s fracture clinic only eight cases were recognised in 21,000 fractures. All were in the 
upper extremity. To quote from Parkes (1945): ‘‘ The condition occurs most frequently in 
the flexor muscles of the forearm, usually following supracondylar fracture of the humerus. 
It is perhaps unfortunate that attention has been so focused on this region that it is probable 
the condition has frequently passed unrecognised in other muscle groups. Yet there is no 
reason why, given the necessary etiological conditions, it should not be found elsewhere and, 
in fact, a number of cases have been described.”’ In spite of this statement, however, he 
cites fifteen cases of “‘ traumatic ischaemia of peripheral nerves ’’ and of the nine cases in 
the lower extremity he only admits that one could possibly be due to Volkmann’s ischaemia. 
We have been struck in our clinic with the menacing occurrence of Volkmann’s ischaemia in 
the lower extremity and with the almost complete lack of reported examples from other 
centres. It is for that reason that this report, which covers the seventeen years from 1931 to 
1947, is presented. During this period forty-two cases of ischaemia were observed (Table I). 


TABLE I 
ANALYSIS OF FoRTY-TWO CASES OF VOLKMANN’S ISCHAEMIC 
CONTRACTURE ADMITTED TO THE HOsPITAL FOR SICK CHILDREN 
FROM 1931 To 1947 


Old established contracture 


Upper limb 
Lower limb 


Acute ischaemia 


Upper limb 
Lower limb 


TABLE II 
PRIMARY INJURY IN TWENTY-NINE CASES OF ESTABLISHED 
VOLKMANN’S CONTRACTURE 


Supracondylar fracture of humerus . 
Fracture of both bones of forearm . 


Fracture of femur . 


Of this number twenty-nine were old or well established cases of contracture and thirteen 
were cases of acute ischaemia. Of the old cases twenty involved the arm and nine the leg. 
In the arm group seventeen followed supracondylar fracture of the humerus and three 
followed fracture of both bones of the forearm (Table II). All those in the leg complicated 
fracture of the femur and one was bilateral. These patients were treated by various measures, 
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such as stretching in spring splints, manipulation and plaster casts, Max Page’s operation, 
tendon lengthening and arthrodesis. 

Of the thirteen acute cases, four affected the arm and nine the leg. Of those in the arm, 
one followed a closed reduction for Monteggia and Colles fractures in the same arm and went 
on to only a mild ischaemia with almost complete recovery. Another followed a compound 


TABLE III 
PRIMARY INJURY IN FouR Cases OF ACUTE ISCHAEMIA OF 
THE Upper 


Open reduction of fracture-dislocation of elbow 1 

Supracondylar fracture of humerus . 1 

Compound fracture of radius and ulna 1 

Monteggia and Colles fractures in same arm. 1 
TABLE IV 


PRIMARY INJURY IN NINE CASES OF ACUTE ISCHAEMIA OF 
THE LoweER LimB 


Rotation osteotomy of tibia . 
Fracture of proximal half of femur . ; are 


fracture of the upper third of radius and ulna. The third one followed a supracondylar 
fracture of the humerus. And the last one occurred after an open reduction for fracture- 
dislocation of the elbow. The last three developed typical severe ischaemic contractures 
(Table III). Of the nine acute cases which affected the leg, eight followed simple fracture 
of the femur and one complicated rotation osteotomy of the tibia (Table IV). An analysis of 
the eight cases that occurred after fracture of the femur provides an interesting series in 
regard to treatment and results. 

Routine treatment of fractures of the femur—A brief description of our method of treating 
fractures of the femoral shaft will be given. About seventy-five acute fractures of the femur 
are admitted to the Hospital for Sick Children each year: during the seventeen-year period 
under discussion 1,233 cases were treated. Most of them are the result of violent traffic 
accidents and therefore are frequently associated with other injuries which may, of course, 
necessitate modifications of the simple routine method of treatment. On admission the limb 
is supported with a pillow and sand bags and a generous sedative is given. After half to 
three-quarters of an hour, when the patient is warm and drowsy and out of shock, a Buck’s 
extension and Thomas’s splint are applied (Fig. 1). The skin is painted with tincture of 
benzoin compound which does much to protect the epithelium and enhances the adhesive 
properties of the strapping. “ Elastoplast '’ with the sideways stretch has been the adhesive 
of choice for the past two years, because there has been less skin irritation and less tendency 
to slip. During the application of the splints an assistant exerts traction on the foot while 
the patient lies on an inclined Bradford frame. Flannelette bandage, cut on the bias, is used 
to secure the adhesive. A properly fitting Thomas’s splint with a 10 to 15 degrees bend at 
the knee is used, and the Buck’s extension is fastened to its distal end with webbing. The 
splint is then fastened to the foot of the bed. Two slings are now incorporated: the femoral 
sling is a double fold of factory cotton which is resistant material with no “ give ’’; it is placed 
tightly so as to come up to the upper margin of the lower fragment and at the same time 
must be of such a width as not to reach the hamstring tendons. The calf sling of soft silence 
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cloth is simply a comfortable hammock for the leg, but again care is taken so that it does 
not reach the tendo calcaneus (Fig. 1). Thus gradual traction and reduction are obtained 
with the child in the Trendelenberg position. During the first ten to fourteen days a daily 
meticulous survey and adjustment are carried out. The bandages have to be reapplied or 


Fic. 1 
Routine method of treatment of fractures of the femur at the Hospital for Sick Children. 
Buck’s extension and Thomas’s splint flexed 15 degrees at the knee. The upright metal 
attachment on the Thomas's splint is designed to keep the bed-clothes off the foot. 


Fic. 2 


An early case of Volkmann’s ischaemia complicating a fracture of the femur. 
A Kirschner wire has been inserted in the heel. The calf sling has been removed. 
Note the dark area of erythema and blistering on the calf. 


the adhesive wiil slip and cause irritation and blistering of the skin. This is done without 
disturbing the leg at all, simply by releasing each sling separately while an assistant spreads 
the splint. Radiographs are taken to check the position about every three or four days 
during the first two weeks. In the event of a troublesome head injury, weight and pulley 
traction or the pelvic calipers are used. Low supracondylar fractures of the femur may require 
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skeletal traction with a Kirschner wire. In this regard it is of interest to note that none of 
these eight acute cases of Volkmann’s ischaemia presented a special or complicated fracture. 
All were in the upper half or upper third of the shaft. Associated injuries in this group 
included the following: two patients suffered severe head injuries which prohibited a 
head-down position; another had a bilateral fracture of femur; one had a fracture of the other 
tibia; and one developed a severe generalised giant urticarial reaction from antitetanus 
serum which obviously caused increased pressure beneath the bandaged leg. 


EIGHT CASES OF VOLKMANN’S ISCHAEMIA COMPLICATING 
FRACTURES OF THE FEMUR 
Cases 1 to 3—In the three earliest cases of acute ischaemia of the leg nothing radical was 
done because it was felt that the ischaemia and paralysis were too well established. Accordingly 
only the bandages were removed and a Kirschner wire passed through the calcaneum. These 
three patients all developed the typical equinovarus deformity with variable amounts of 
involvement of the anterior and posterior compartments. The Kirschner wire in the calcaneum 
provides a dual service. It keeps the calf and tendo calcaneus out to full length and thus 
prevents equinus deformity; and secondly it eliminates the need for any support except that 
under the thigh. The tender swollen calf is thus entirely exposed and unimpeded (Fig. 2). 


TABLE V 
ANALYSIS OF Five CasFs OF ACUTE VOLKMANN’S ISCHAEMIA OF THE LOWER LIMB 


Time of | Probable | 
Case Age onset duration Immediate 
ame (years) after at time of treatment Result 


fracture recognition 


number 
| 


Bandages and traction No improvement. Went on 


9 removed five hours later, to typical Volkmann's 
M. R. 12 hours 2 honrs calf and peroneal contracture with 
muscles decompressed equinovarus deformity 
Only brief relief of spasm. 
Exploration of popliteal Typical contracture 
5 M. C. 6 24 hours 4 hours vessels and injection of developed. Some late 
heparin return of power in ' 


anterior calf muscles 


Immediate return of 
posterior tibial pulse after 
spinal anaesthetic. Steady 

return of motor and sensory 
function. Full recovery 
within eight months 


Pulsation returned. 


Bandages removed. 
Two hours later, spinal 
6 M. C. 11 2 days 10 hours anaesthetic and 
exploration of 
popliteal artery 


| Bandages removed. Gradual recovery of motor 
7 P. z.. 3 | 6 hours 14 hours Three hours later, and sensory function, 
spinal anaesthetic almost complete 


after eight months 


Bandages removed. Progressive recovery of 
8 6 12 hours 2 hours One hour later, power and sensation. Good 
spinal anaesthetic power in all groups 


four months later 


In the five subsequent cases a better opportunity was afforded for study and treatment, 
and each case presented a guiding lesson for the succeeding one (Table V). All these cases 
were seen before treatment by two or more members of the surgical staff and there was 
common agreement on the diagnosis of acute Volkmann’s ischaemia. 
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Case 4 (M. R.)—The first of this group was a six-year-old girl with a fracture of the right 
femur in the upper third, a head injury and multiple lacerations. The diagnosis of ischaemia 
was made twelve hours after admission; ischaemia was thought to have been in progress for 
only about two hours. There was a complaint of pain in the calf with exquisite tenderness 
and a patchy erythematous area at that site. The foot was swollen, dusky red in colour, cold, 
anaesthetic and immobile. Arterial pulsation was absent. There was no undue swelling or 
pain at the site of fracture. Five hours later, under general anaesthetic, both the calf and 
anterior compartments were decompressed through long fascial incisions. The engorged wet 
muscle bellies were under great tension and herniated out so that the skin could not be closed. 
A wire was then put through the calcaneum and the limb suspended with traction. This case 
went on to a typical Volkmann’s ischaemia with no power below the knee and a boot-like 
area of anaesthesia. 


Case 5 (M. C.)—The next patient was a six-year-old girl with a fracture of the upper half of 
the left femur associated with cerebral concussion, fracture of the right tibia and multiple 
lacerations. The femur was put up in Buck’s extension on a Thomas's splint but the patient’s 
body was not lowered because of the head injury. Twenty-four hours later, after the child 
had been crying with pain, it was noted that the foot was swollen but still pink and warm. 
It could not be moved and was insensitive. The calf was tense and exquisitely tender and 
presented a large blotchy raised erythematous area about two inches in diameter. There 
was no pulse at the ankle. Approximately seven hours after the estimated onset, operation 
was performed under general anaesthesia, exposing the popliteal artery and its divisions. 
These vessels were in marked spasm and the posterior tibial artery was almost thread-like. 
The muscle was yellowish brown, oedematous and non-contractile. A solution of heparin was 
injected into the lumen of the artery but caused only a temporary release of spasm. A 
Kirschner wire was then put through the heel. This case went on to a typical Volkmann’s 
contracture with most of the involvement in the posterior compartment. 


Case 6 (M. C.)—The patient was an eleven-year-old girl with a fracture in the upper half of 
the left femur. Two days after admission to hospital there was an undoubted ischaemia, 
the child having had pain all through the night. The foot was swollen, bluish, insensitive 
and paralysed. Dorsiflexion caused acute pain in the calf, which was very tender and swollen, 
and presented the typical blotchy area of erythema. It was estimated that ischaemia had 
been in progress for eight to ten hours. Two hours later a high spinal anaesthetic was given. 
After a few minutes a pronounced posterior tibial pulsation was observed. The popliteal and 
posterior tibial arteries were exposed at the knee and still showed marked spasm but a fine 
pulsation could be seen. A limited periarterial sympathectomy was done and a muscle 
biopsy taken. A wire was then passed through the heel. The operation was followed by 
steady and progressive improvement so that at the end of eight months the only residual 
finding was a little atrophy of the calf muscle. There was good power in all muscle groups 
and she walked without a limp. 


Case 7 (P. L.)—This patient was a three-year-old girl with a fracture of both femora. Buck’s 
extension and splints were applied to both legs. In this case the mechanical traction was 
only half that in a unilateral case. Twenty hours after admission to hospital the left foot 
was warm and red but the arterial pulsations were doubtful. The foot was anaesthetic and 
immobile. The calf was swollen and tender, with red patchy erythematous areas. From the 
nurse's night report it was estimated that mild ischaemia started twelve to fourteen hours 
before. Three hours later a high spinal anaesthetic was given and was followed by the 
appearance of an undoubted posterior tibial pulsation. No other operation was done except 
to insert a wire through the heel for traction purposes. The induration in the calf appeared 
to increase in the following few days and the foot had the appearance of a well established 


THE JOURNAL OF BONE AND JOINT SURGERY 


2 
j 
| 
| 
3 
| 
4 
| 
a 
4 
3 
: . 


VOLKMANN’S ISCHAEMIC CONTRACTURE AND ITS RELATIONSHIP TO FRACTURE OF THE FEMUR 341 


contracture. But in two weeks time active motor power was returning in both compartments. 
Pulsations remained at the ankle but were never so pronounced as on the normal side. 
Eight months later the leg and foot were essentially normal with no atrophy or limp. 


Case 8—The last patient of this group was a 
six-year-old boy with a high femoral fracture on 
the right side. Fourteen hours after admission the 
foot presented an undoubted acute ischaemia of 
about two hours duration with all the typical signs 
and symptoms noted above. Peripheral pulsations 
were absent. One hour later a high spinal anaesthetic 
was given with almost immediate dramatic results. 
Arterial pulsation returned and the patient was 
able to move the foot. The recovery of sensation 
was progressive and rapid. Four months later there 
was useful power in all muscle groups but sensation 
was still wanting in the toes and adjacent part of 
the forefoot. One year later the leg and foot were 
normal with no atrophy or sensory change. 


Additional cases—In the past three years five 
additional cases have been observed and they will 
be recorded very briefly. 


Case 9 (P. B.)—A small girl was admitted to hospital 
nine days after an uncomplicated fracture of the left 
femur. She had been treated in a “‘ gallows "’ type of 
traction with both legs suspended vertically by Buck’s 


extension. At the time of admission to hospital the Fic. 3 

fractured leg was progressing satisfactorily but there Photograph of the calf in a case of 
was a well established Volkmann’s contracture on the Volkmann’s ischaemia. The edges of the 
normal side. This case has certainly opened up a erythematous area are usually more 


great field of thought. It has also convinced us that irregular. 


Buck’s extension may bear some criticism. 

Case 10 (J. B.)—Developed ischaemia after a fractured femur. It occurred in hospital and ended 
as a failure. However, treatment was not started until twenty hours after the onset of acute signs. 
Case 11 (B. G.)—Sustained multiple injuries from which he died on the tenth day. Signs of 
ischaemia had been present for four hours before a spinal anaesthetic was given. Clinically, 
progress was towards recovery of function of the limb. 


Cases 12 and 13—Both responded to treatment and are completely cured. 


DISCUSSION 

It seems significant that of all the cases treated with sympathetic block (spinal 
anaesthetic) only one was a failure and six were cured. 

In all these cases pain has been the common denominator. It is usually situated in the 
central calf area and is a deep boring type of pain which is difficult to control with sedatives 
and is not influenced very much by the release of bandages. The pain is immediately 
accentuated by passive dorsiflexion of the foot. A sensation of numbness is soon recorded in 
the toes and foot and may extend up to the painful calf. This is associated with a stocking 
type of centripetal anaesthesia. However, the painful calf area remains exquisitely tender 
to pressure. Also noted on the skin over the calf is an irregular red raised erythematous 
area with bleb formation soon superimposed (Fig. 3). The calf becomes much increased in 
girth. The foot is swollen and varies in colour and temperature. Early on, the foot may be 
warmer than the other foot and of a dusky pink colour. Similarly, pulsations in the dorsalis 
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pedis and posterior tibial vessels may remain, in spite of other threatening signs; only to 
disappear rather suddenly later on when the foot becomes pale and cool. Movement of the 
foot and toes becomes impaired at an early stage; total paralysis follows in a few hours, 
and the foot rests in a position of equinovarus. 

None of our cases showed any unusual reaction about the actual fracture site which, as 
noted above, was always in the upper half of the femoral shaft. All of the cases impress one 
by following a similar pathological pattern. The tender muscle infarcts would account for 
the calf signs with patchy erythema on the skin when pulsations are still present and the leg 
and foot are gradually increasing in size. Later on the arterial spasm becomes noticeable, 
resulting in a gradually weakening and disappearing pulse and a pale extremity. 

Vasospasm has a tendency to produce a gradual and spreading wave throughout the 
venous and arterial trees distal to the knee. Mechanical release of pressure both by cutting 
encircling bandages and opening deep fascial planes seems to have little, if any, beneficial 
effect. Mechanical freeing of the vessel or periarterial stripping has no lasting effect on the 
vascular spasm. The amount of relative involvement in the anterior and posterior 
compartments was thought to be about equal. In spite of controversial opinions, most of 
the old established cases with progressive equinovarus deformity showed no power of plantar 
flexion at all and developed a high atrophic and fibrotic calf. In none of our acute cases 
could a local nerve lesion be considered to be the underlying factor. The stocking anaesthesia 
and generalised paralysis were constant features and so was the uniformly symmetrical return 
of function in the limbs that recovered. The best method of prevention and cure is not only 
the awareness and early recognition with immediate first-aid measures to release pressure, 
but in addition a widespread release of vasospasm. It seems that a long-lasting high spinal 
anaesthetic reaching all the lumbar outflow is a good means of breaking the vicious cycle of 
vasospasm. It is important to maintain a normal blood pressure throughout the spinal 
anaesthesia. Paravertebral sympathetic block is also a good remedy and does not have the 
same depressor influence on the blood pressure as a spinal injection. Intravenous injection 
of tetra-ethyl-ammonium chloride or procaine produces anaesthesia and vasodilation but 
may produce a drop in blood pressure and requires more supervision than the former methods. 
Histological studies—As would be expected, specimens of the involved muscles have been 
difficult to obtain but several were procured which are of interest in view of recent reports 
in the literature. 

Clark (1946) has demonstrated the histology of regeneration of skeletal muscle after 
ischaemia in animals. Harman and Gwinn (1949) have demonstrated in animals the 
early histology of ischaemic skeletal muscle. They have shown that non-ischaemic muscles 
have prominent longitudinal striations. Cross striations are, in reality, an index of ischaemia 
and they progress to Bowman's disc formation and fragmentation of the muscle fibres if the 
ischaemia is prolonged and unrelieved. However, these workers have also demonstrated that 
the release of arterial obstruction after more than four hours of complete ischaemia leads to 
extension of Bowman’s disc formation and also to the appearance of additional hyaline and 
granular degeneration of the muscle fibres. From their studies they feel that this is due 
neither to persistent arterial spasm nor to venous obstruction but probably to capillary 
stasis in the muscle mass. Evidence of this is seen in the presence of dilated capillaries packed 
with erythrocytes, oedema, and polymorphonuclear leucocytic infiltration of the muscle fibres 
some hours after the obstruction was released. 

In Case 5 (Table V) the section of involved muscle taken at operation seven hours after 
onset of symptoms showed all forms of degeneration of muscle, congested blood vessels and 
capillaries, and slight polymorphonuclear leucocytic infiltration. In addition, however, the 
nuclei are shrunken and pyknotic (Figs. 4 and 5). This muscle went on to ischaemic contracture. 
In Case 6 the section of involved muscle taken at operation twelve hours after onset of 
symptoms showed all forms of degeneration of muscle. However, the blood vessels were not 
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Case 5—Section of muscle taken at operation under general anaesthesia 

seven hours after the onset of symptoms, Subsequently developed ischaemic 

contracture. All forms of muscle degeneration are present. The capillaries 
and arteriole (lower centre) are filled with erythrocytes. 


Fic. 5 
Case 5—(Same as Figure 4, high power.) Fragmentation and granular 
degeneration of muscle fibres. Nuclei shrunken and pyknotic. 


voL. 33 B, No. 3, aucust 1951 


4 
ue Fic. 4 


S. A. THOMSON AND L. J. MAHONEY 


Fic. 6 
Case 6—Section of muscle biopsy taken twelve hours after onset of 
symptoms. Subsequently recovered completely. All forms of muscle 


degeneration are present. The arterioles contain only polymorphonuclear 
leucocytes (right centre) which are infiltrating the tissues. 


4 
4 
4 


Fic. 7 


Case 6—(Same as Figure 6, high power.) Fragmentation and granular 
degeneration of muscle fibres. Nuclei intact. 
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congested and there was dense polymorphonuclear leucocytic infiltration. Moreover the 
nuclei were oval and intact (Figs. 6 and 7). This muscle went on to complete recovery. It 
should be mentioned that blood vessels and capillaries packed with erythrocytes have been 
seen in sections from another case in which the nuclei were intact and in which the patient 
completely recovered. In Case 10 (in which treatment had been delayed until twenty hours 
after the onset of symptoms) a firm, fibrous, white, avascular area was found in the calf at 
operation three months later. Microscopically, however, there were scattered areas of muscle 
with regeneration still taking place in a field of fine, diffuse fibrosis (Fig. 8). In Case 11, 
autopsy eight days after the onset of symptoms revealed a typical, sharply demarcated, firm, 
homogeneous, yellow-green infarct in the central part of the calf. (Spinal anaesthesia had 
been induced four hours after onset of symptoms.) Microscopically there were only two 
small areas in the affected part of the section in which hyalinised muscle bundles remained 


Case 10—Section from depths of infarct of calf taken three months after 

the onset of symptoms. (Spinal anaesthetic and exploration of adductor 

canal twenty-four hours after onset of symptoms.) The field is filled 

with atrophic muscle fibres interspersed with fine wisps of collagen. One 

dark homogeneous dead muscle fibre remains next to a regenerating muscle 
cell with its ladder-like nuclei. 


quiescent. In those areas no nuclei were present but there was slight cellular infiltration 
(Fig. 9). In the remainder of the involved area there was generalised activity. Dark red 
homogeneous remnants of necrotic muscle were being removed by histiocytes and among 
them were seen regenerating muscle cells, with the typical ladder-like nuclei and longitudinal 
fibrillations (Fig. 10). 

Etiology—An analysis of the foregoing cases of acute ischaemia of the lower extremity leaves 
one somewhat concerned. Case 9 certainly suggests that traction with Buck’s extension on a 
normal leg can be the sole cause of ischaemia. On the other hand, a few patients with fractures 
received no traction at all because of head injuries. If pressure were the sole factor in ischaemia 
then it must become an irreversible mechanism, because release of bandages, traction and 
deep fascial release has no beneficial effect. As mentioned before there was no abnormal 
local reaction at the fracture site. Arteriography studies would be most interesting if one 
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Case 11—Section of grossly typical muscle infarct taken at autopsy eight 

days after onset of symptoms. (Spinal anaesthesia four hours after onset 

of symptoms.) One area of quiescent hyalinised muscle bundles is seen 
surrounded by universal cellular activity. 


Case 11—(Same as Figure 9, high power.) Hyaline remnants of muscle are being 
removed (centre upper margin) by histiocytes. Pale regenerating muscle cells 
with ladder-like nuclei and longitudinal fibrillation are seen (centre). 
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were not afraid of adding insult to injury. Such a study might help us to determine whether 
ischaemia is due to a capillary laking or to a combination of arteriospasm superimposed on 
an earlier vasospasm. 

It is difficult, therefore, to put the blame on any one factor. More likely a combination 
of states leads to an irreversible neurovascular upset. The outstanding result from this 
study is the undoubted value and curative effect of sympathetic block if performed in time. 


SUMMARY AND CONCLUSIONS 
1. Volkmann’s ischaemia is a real and threatening complication of fracture of the femur, 
and it is more common than reports in the literature would suggest. 

2. The early signs and symptoms in the calf are ominous whereas the early vascular signs 
of a good tibial pulse, colour and temperature are often misleading. 

3. Muscle decompression with or without arterial exploration has proved to be of no value. 
4. Early recognition and radical treatment are imperative. Temporary paralysis of the 
lumbar sympathetic outflow has been shown to be an effective measure. 

5. Transfixion of the caleaneum with a Kirschner wire for traction has the advantage of 
eliminating all bandages, suspending the tender calf and preventing an equinovarus deformity. 
6. The only essential difference between the histological appearance of muscle which recovers 
and that which does not appears to be degeneration of muscle nuclei. The significance of 
engorged blood vessels remains in doubt. 

7. Histological studies suggest that despite the typical gross appearance of an infarct some 
regeneration of muscle may occur. 
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ISCHAEMIC NECROSIS AND REGENERATION OF THE TIBIALIS 
ANTERIOR MUSCLE AFTER RUPTURE OF THE POPLITEAL ARTERY 


J. S. Horn and S. Sevitt, BIRMINGHAM, ENGLAND 


From the Department of Surgery and Pathology, Birmingham Accident Hospital 


The regenerative power of voluntary muscle has been studied for many years (Waldeyer 
1865, Neumann 1868, Volkmann 1892) but until recently it was believed that regeneration 
was confined to individual fibres or to small groups of fibres and that the process was abortive. 
Le Gros Clark and Blomfield (1945) and Le Gros Clark (1946) disproved this by demonstrating 
almost complete regeneration of the tibialis anterior in the rabbit within a few weeks of 
necrosis caused by ligation of its main arterial supply. Among the published references to 
regeneration of muscle in man (Leveuf 1937, Hughes 1948, Bowden and Gutmann 1949) we 
have found no mention of significant regeneration of a muscle belly after necrosis. In this 
paper, which is based on a clinico-pathological study of a patient who suffered a traumatic 
rupture of the popliteal artery, we present evidence of the occurrence of ischaemic necrosis 
of the tibialis anterior, with subsequent regeneration of much of the muscle belly and 
innervation of the newly formed muscle. 


CASE REPORT 


A truck driver, aged thirty-one years, was struck by a sheet of metal behind his right 


knee. He immediately experienced severe pain and was unable to walk. On admission to 
hospital twelve hours later the pain was considerably worse, the right knee was held flexed 
and there was a tense, tender, pulsating swelling in the popliteal fossa. Movements of the 
toes and ankle were almost completely absent; there were anaesthesia of the toes and the 
forepart of the foot and hypoaesthesia of the antero-lateral part of the leg; the skin at the 
level of the knee was warm but the foot and leg were cool and neither the dorsalis pedis nor 
the posterior tibial pulse was palpable. A diagnosis of ruptured popliteal artery was made. 
Subsequent arteriography (Figs. 1 and 2) showed that rupture had occurred below the level 
of the inferior genicular arteries. 

Immediate treatment consisted in surrounding the leg with ice and warming the rest of 
the body; trinitrin tablets were given by mouth to induce vasodilation. The cooling was 
discontinued after thirty-four hours when there was evidence that a sufficient circulation 
had returned. 


Early progress—A collateral circulation to the leg was rapidly established. Pulsation of 
the lateral genicular artery was felt twenty hours after injury and of the superior medial 
genicular artery seven hours later. After thirty-four hours the veins on the dorsum of the 
foot became distended when compressed proximally, slight oedema round the ankle developed, 
and the skin of the back of the calf was pink and blanched on pressure. After forty-eight 
hours the leg and foot were pink and the genicular anastomosis was pulsating freely. 
Meanwhile the swelling in the popliteal fossa had become less tense and non-pulsatile. 

The anaesthesia spread temporarily to involve the stocking area (possibly because of 
the cooling by ice), but two days after injury the anaesthesia was again limited to the sock 
area of the foot and to the distribution of the musculo-cutaneous (superficial peroneal) nerve. 
An indefinite area of induration which had been noted in the upper part of the tibialis 
anterior shortly after admission gradually spread and became more definite. After four 
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days the whole tibialis anterior was tender and indurated and an area of ecchymosis 
appeared over it. The patient thought he had received a blow in that area at the time 
of the injury, and the delayed appearance of the bruise was probably related to the 
development of an anastomotic blood flow. 

Movements of the toes and ankle were reduced to a flicker during the first two days 
after injury. By the third day paralysis of the dorsiflexors of the ankle and toes, and of the 
evertors of the foot, had become complete, but weak power of plantar flexion was retained. 


Fic. 1 Fic, 2 
Figure 1 (six weeks after injury). Figure 2 (seventy weeks after injury). 
Arteriograms showing break in continuity of the right popliteal artery (Fig. 1) and 
the establishment of a collateral circulation (Fig. 2). 


Later progress. Motor power—Return of voluntary power to the peroneal muscles was 
noted four weeks after the injury and it rapidly increased. Twenty-one weeks after the injury 
the upper part of the tibialis anterior could be seen and felt to contract when dorsiflexion of 
the ankle was attempted, but the tendon did not tighten and the ankle joint did not move. 
A year after the injury the patient was able to contract the tibialis anterior sufficiently to 
tighten the tendon and produce a few degrees of dorsiflexion of the ankle. 

Motor power in the calf muscles was never completely lost and soon became almost 
normal. But some shortening of these muscles developed and prevented a full range of 
passive dorsiflexion at the ankle. 
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Sensation—Complete anaesthesia in the area of the musculo-cutaneous nerve and on the 


forepart of the sole of the foot persisted almost unchanged for nine months, after which 
sensibility began to return fairly rapidly. 
Arterial pulsation—Pulsation was detected in the posterior tibial artery fifteen weeks after 
the injury and in the dorsalis pedis artery at the end of one year. The superior and inferior 
lateral genicular arteries and the medial genicular artery have all continued to pulsate 
strongly. 

CLINICO-HISTOLOGICAL STUDY OF THE TIBIALIS ANTERIOR MUSCLE 


Muscle biopsies* from the upper third of the tibialis anterior were performed nineteen, 
fiftv-seven and seventy-six weeks after injury through incisions within 3 centimetres of each 
other. The residual scars are shown in Figure 3. 

First biopsy—The first biopsy was undertaken nineteen weeks after the injury. At that 

time voluntary power was still absent. The exposed muscle 

was stimulated directly with a galvanic current but only a 

slight fibrillary twitching confined to the surface of the 

muscle was observed. When the electrodes were placed 

three-quarters of an inch deep and the current increased to 

the maximum, the muscle failed to respond. The deep fascia, 

which was abnormally adherent, covered a sheet of tough 

fibrous tissue on the surface of the muscle belly. Deep to 

this the muscle was dry, brown, friable and quite avascular. 

A longitudinal piece of muscle 20 millimetres long, 10 

millimetres deep and 5 millimetres in thickness was excised. 

Histological examination—Sections showed that the specimen 

consisted of two clearly differentiated layers, a superficial 

layer 2 to 3 millimetres thick formed mainly of fibro- 

collagenous tissue (Fig 4) and a deep layer of necrotic 

muscle which formed most of the depth of the section. The 

superficial fibrous tissue contained a few perivascular 

collections of lymphocytes and groups of thin-walled 

capillaries, most of which passed obliquely downwards from 

the surface. In the superficial fifth of this layer numbers 

of muscle fibres were present (Figs. 4 and 5). These muscle 

fibres were generally abnormal and primitive in appearance 

and were separated from one another by a variable amount 

Fic. 3 of fibro-collagenous tissue. In some places muscle cells were 

es months after injury. single, but more commonly three to eight layers of fibres 
Note the sites of the scars : 

from the three biopsy incisions. were present. Many of the cells were thin and elongated, 

and although the direction of most of these fibres was 

longitudinal, some were elongated in the transverse direction. Fibres cut obliquely or 

transversely appeared as roughly oval, uniformly eosinophilic bodies. Many contained 

multiple hyperchromatic nuclei situated in the middle of the fibre or towards one side. The 

sarcoplasm of most fibres when stained with P.T.A.H. was either dark blue and finely granular 

or presented a semi-empty appearance of the myotubes. Cross striations were mostly absent 

but were occasionally well developed. Longitudinal fibrillation was not seen. Many of the 


* After fixation in 10 per cent neutral formol-saline, paraffin sections were made and stained with 
haematoxylin and eosin (H. and E.); Mallory’s phosphotungstic acid haematoxylin (P.T.A.H.); iron 
hae matoxylin and Van Gieson; and Lendrum and McFarlane’s (1940) modification of Mallory’s connective 
tissue stain (picro-Mallory). Preparations to demonstrate the axis cylinders of the intramuscular nerves 
were made by the methods of Holmes (1947) and Detheridge (1947); and Weigert-Pal sections for myelin 
sheaths were prepared. 
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First biopsy, nineteen weeks after injury. Section showing the fibrotic surface 
layer containing a few abnormal muscle fibres (P.T.A.H., 100). 


First biopsy, nineteen weeks after injury. Figure 5 is a high-power view of the fibres seen in Figure 4 and 
shows several with filamentous terminations and one ending in a bulbous process containing several 
nuclei. Cross striations are absent: these are regenerating muscle fibres. Figure 6 shows the characteristic 
appearance of the necrotic muscle in the deeper layer with absence of nuclei and discoidal fragmentation. 


(Figure 5: H. and E., x 350. Figure 6: H. and E., x 260.) 
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elongated fibres tapered to a narrow process of sarcoplasm; some terminated in a rounded or 
bulbous end. These protoplasmic extrusions together with the presence of multiple centrally 
placed nuclei suggested that regenerative activity was in progress. The splitting of some 
fibres was suggested by the presence of narrow fissures lined by nuclei which divided the 
fibre incompletely into two or more parts. Nerve bundles and fibres were not demonstrated 
in this layer. 

Deep to the fibrous layer was the main muscle layer, which showed the characteristic 
appearance of ischaemic necrosis (Fig. 6). The muscle fibres and myolemmal connective 
tissue cells had lost their nuclei and were uniformly eosinophilic in appearance. Cross striations, 
often abnormally marked, and transverse fragmentation, frequently discoidal in type, were 
seen. One evidently necrotic nerve bundle was present. It was surprising to find that after 
nineteen weeks the dead muscle had not been invaded by fibrous tissue or removed by 
phagocytosis. The impression gained was that the dead muscle belly had been isolated 
rapidly from its living environment and had been entombed in a mummified condition as a 
muscle sequestrum, while regeneration was occurring in the superficial layers. 

Second biopsy—The second biopsy was performed fifty-seven weeks after the injury, 
thirty-six weeks after voluntary power had begun to return. The thickened aponeurosis 
stripped easily, exposing a rather pale but quite vascular muscle. This contracted on stimulation 
with the galvanic current; the tendon tightened but the ankle did not move. A specimen 
measuring 13 millimetres long, 5 millimetres thick and 4 millimetres in depth was excised 
and sectioned. 

Histological examination—Large numbers of living muscle fibres were segregated into fascicular 
groups (Fig. 7). A variable but generally excessive amount of fibrous tissue separated the 
fasciculi and extended between individual muscle fibres. Most of the fibres in any one group 
were parallel but their direction varied from group to group. The individual fibres themselves 
could be broadly differentiated into two types. Some were broad, possessed longitudinal 
fibrillae, and were normally cross striated. In the H. and E. preparation they were eosinophilic ; 
they took up the red fuchsin stain in the picro-Mallory preparation and were a deep bluish- 
violet hue in the sections stained with P.T.A.H. In the main, their nuclei were placed 
peripherally and were elongated. Such fibres were in a minority and were histologically 
mature (Fig. 8). In some of them the outlines were wavy and these fibres were probably 
denervated. 

Most of the fibres were less mature or definitely immature. They were thinner than the 
mature fibres; cross striations and longitudinal fibrillations were absent and the sarcoplasm 
contained numbers of small vacuoles. In the H. and E. preparation they stained less intensely 
with eosin than the mature fibres and in the picro-Mallory preparation they were tinted 
various shades of violet. In the P.T.A.H. preparation, where the difference between mature 
and immature fibres was best marked, the immature fibres were light blue in colour from the 
presence of a greyish background against which multiple fine deep bluish dots were present. 
Such an appearance was possibly due to early sarcoplasmic differentiation of fibrillae. There 
was considerable variation in the diameter of the fibres, and some showed the narrow terminal 
prolongations of cytoplasm seen in the first biopsy. In many immature fibres, multiple 
centrally placed nuclei were seen but mitotic figures were absent. Narrow clefts were seen 
in some fibres, sometimes completely dividing the cytoplasm and giving the appearance of 
two closely opposed fibres. In others the cleft was incomplete and a bridge of connecting 
sarcoplasm remained (Fig. 8). Some fibres were not typical of either mature or immature 
types and were regarded as transitional forms. 

No necrotic muscle was seen in the section but this may have been due to the 
superficial nature of the biopsy since its continued existence was shown later in the third 
biopsy. 

One intramuscular nerve bundle was seen: its perineurium was normal but there was an 
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Figures 7 and 8—Second biopsy, fifty-seven weeks after injury. Figure 7 shows large number 

of muscle fibres in fasciculi arranged in different directions. In Figure 8, which is a high-power 

view, both mature cross-striated and immature non-striated fibres can be seen. In one of the 
non-striated fibres incomplete clefts are present. 


(Figure 7: H. and E., x 120. Figure 8: P.T.A.H., « 700.) 
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increase of endoneural connective tissue and a reduction of the number of Schwann nuclei 
and tubes. Myelin sheaths and axis cylinders were present but were few in number. 
Blood vessels of all sizes were numerous and the muscular arteries showed hypertrophy 
of all the coats. 

Third biopsy—The third biopsy was performed seventy-six weeks after injury through a 
longitudinal incision crossing the transverse scars of the previous incisions (Fig. 3). The 
exposed muscle responded briskly to galvanic stimulation. The aponeurosis was thickened, 
the muscle was firmer and somewhat paler than normal but it bled freely when incised. 
The specimen excised was about 25 millimetres long and crossed the site of the second biopsy 
near its proximal end. It was 6 to 7 millimetres thick, and its 10 to 12 millimetres of depth 
extended through the whole thickness of the muscle right down to bone. The specimen was 
divided into proximal and distal parts and sections were prepared from each. 

Histological examination—Sections from both parts showed that the muscle was covered by 
a dense fibro-collagenous layer about 2 millimetres thick. In the proximal part, living muscle 
extended through the whole depth of the section (Fig. 9) except at one point where a small 
fragment of necrotic muscle was seen. Beneath the superficial fibrous layer was a shallow 
zone of fibres arranged longitudinally and separated into several irregular fasciculi by bands 
of connective tissue. Fibrosis between the fibres was minimal. These fibres were mostly 
narrow, non-fibrillated and non-striated; many had multiple hyperchromatic nuclei usually 
placed centrally and were obviously immature (Fig. 10). Deep to this zone and taking up 
most of the remaining depth were bundles of broader, cross-striated and fibrillated muscle 
fibres in close apposition, all of which were arranged regularly in a longitudinal direction 
(Fig. 11). These were normal fibres. 

The section from the distal part of the specimen included a band of fibrous tissue extending 
through its whole depth. This was the scar of a previous biopsy. More distally—in the part 
between the first two biopsy incisions—the specimen consisted of a layer of fibrous tissue 
2 millimetres deep covering the layer of livingsmuscle fibres which was separated from the 
muscle sequestrum by a zone of dense fibrous tissue (Fig. 12). The density of the living 
muscle fibres varied in different areas but was less than in the proximal section and the fibres 
were more widely separated by endomysial fibrosis. The underlying necrotic fibres were 
without nuclei and showed the characteristic appearance of ischaemic necrosis. 

Nerve bundles were present in the bands of fibro-connective tissue between the living 
muscle fibres. The larger bundles contained many well defined myelinated sheaths but these 
were scanty in the smaller fasciculi. 

The differences between the proximal and distal ends of the specimen were attributed 
to the fact that its distal extremity lay between two previous biopsy incisions which had 
interfered considerably with the local blood supply. 


DISCUSSION 

Clinically this case presented as a closed rupture of the popliteal artery, and therefore 
ischaemic necrosis of various structures, including muscles and nerves, below the level of the 
lesion might well have been expected. Survival of a limb after division of the popliteal artery 
below the origin of the inferior genicular artery is uncommon, and Power (1945) went so 
far as to state: ‘‘ Should the injury to the popliteal artery be below the level of the inferior 
geniculate artery then there is but one course—amputation of the limb.”’ 

In this case paralysis appeared to be due to two factors. The paralysis of the peroneal 
group of muscles and extensors of the toes was probably due to an ischaemic lesion of the 
lateral popliteal [common peroneal] nerve, and the persistent anaesthesia of the forepart 
of the foot was attributed to ischaemia of the medial and lateral plantar nerves. Biopsy 
of these muscles nineteen weeks after injury showed no evidence of ischaemic necrosis. 
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Fic. 11 Fic. 12 
Figures 9 to 12—Third biopsy, seventy-six weeks after injury. In Figure 9, which was prepared from the 
proximal part of the specimen, the muscle fibres are numerous and closely packed. Figure 10 (a high-power 
view of an area corresponding to the upper half of Figure 9) shows superficially placed immature non-striated 
fibres containing multiple hyperchromatic nuclei. Figure 11 (from the area seen in the lower half of Figure 9) 
shows more deeply placed mature fibres in cross section. Figure 12, from the distal part of the specimen, 
shows the deeply placed muscle sequestrum covered by fibrous tissue. 


(Figure 9: H.and E., x 120, Figure10: H.andE., x 600. Figure11:H.and E., x 600. Figure12: H.andE., « 140.) 
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Their survival is attributed to early restoration of the circulation through anastomotic 
vessels. 

On the other hand, the paralysis of the tibialis anterior was due mainly to ischaemic 
necrosis. This is suggested both by the failure of the muscle to respond to direct galvanic 
stimulation at the first biopsy and by its histological appearance. Moreover the paralysis 
persisted long after the peroneal muscles, paralysed as a result of the ischaemic lesion of the 
nerve, had regained activity. As far as we can judge, ischaemic necrosis was confined 
to the tibialis anterior, a muscle which is peculiarly susceptible to ischaemia. It is not 
our intention to analyse the reasons why this muscle was picked out, but the peculiarities of 
blood supply (Blomfield 1945), enclosure in a firm-walled compartment, and the probability 
of direct injury suggested by the later appearance of a bruise could all have contributed 
to its death. 

The first biopsy showed that although a few muscle fibres were present in and just 
beneath the deep fascia the greater part of the muscle was necrotic and was represented by 
a deep muscle sequestrum. The presence of a thin layer of abnormal muscle fibres at the 
surface could have been due either to metaplasia of multipotent connective tissue cells or to 
the survival of some superficial muscle fibres. Le Gros Clark (1946) believed that new muscle 
fibres are probably formed entirely as direct continuous outgrowths from old muscle fibres. 
Levander (1941, 1945) was inclined to the view that new myoblastic cells can arise by 
differentiation from connective tissue cells but his evidence has been subjected to criticism 
by Le Gros Clark. In our patient, the existence of viable fibres at the surface of the first 
biopsy specimen could be explained by the early re-establishment of the skin circulation. 
It is possible that tissue fluids diffused into the deep fascia and maintained the life of the 
most superficial fibres of the muscle belly. This hypothesis is consistent with the experimental 
observations of Le Gros Clark (1946), who showed that some of the muscle fibres on the 
surface of the muscle transplant may survive and give rise to regenerating fibres. On the 
other hand, the writhing response to galvanism noted at the first biopsy appeared to take 
place in a plane entirely superficial to the aponeurosis—that is, at a point where one would 
not normally expect to find muscle fibres—and this suggests myoblastic differertiation of 
connective tissue cells outside the muscle belly. Although we have been unable to reach a 
definite conclusion we feel that the balance of evidence is in favour of the survival of superficial 
muscle fibres. 

Compared with the first biopsy, the second and third biopsies showed a large increase 
in the number and density of living muscle fibres. The living muscle increased in thickness 
by the aggregation of layers of muscle fibres superficial to the deep muscle sequestrum and 
in no way histologically related to it. The appearances suggested that these layers were 
being continuously formed and added to. We believe that a sustained regenerative activity 
persisted in the superficial muscle fibres and that the newly formed muscle cells arose from 
them by fission. New fibres would first appear just deep to the zone of regenerative activity, 
and in the course of time would become more and more separated from their progenitors. 
It would be expected that the oldest and most mature fibres would be found in the deepest 
zone of the newly formed muscle belly. This is in fact what was found in the third biopsy. 

Our histological observations differed from those of Le Gros Clark (1946). The most 
striking difference was in the speed of regeneration. He showed that if the main arterial 
supply to the tibialis anterior of the rabbit was tied the lower two-thirds of the muscle 
became necrotic, and macrophages, arising from the living part of the muscle, passed into the 
dead fibres and removed the sarcoplasm. The endomysial spaces were invaded by fibrocytes 
which passed between the necrotic muscle fibres. These were then reconstituted by the 
appearance of elongated sarcoplasmic buds which arose from the ends of the intact fibres 
and passed between layers of the newly formed endomysium. Within a few weeks the necrotic 
muscle had disappeared and was replaced by living fibres. 
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In our case there was little or no evidence of phagocytosis of the dead muscle and the 
necrotic muscle belly persisted unchanged for at least eighteen months. We do not know why 
the dead muscle remained apparently unchanged for so long, but it may be significant that 
the ischaemia was not confined to the tibialis anterior, as it was in the animal experiments 
of Le Gros Clark, but affected in lesser degree the whole limb. It is possible that ischaemia 
prevented phagocytosis of the dead muscle and that the subsequent change was merely one 
of fibrous reaction at the surface. 

Another factor that may account partly for the slower regeneration of the human muscle 
as compared with that of the rabbit may be the enormous difference in bulk, a difference 
which as far as we know is not balanced by a more rapid growth of tissue in man. 

Despite the difference in the time factor we have nevertheless confirmed the main 
histogenetic conclusion arrived at by Le Gros Clark in so far as we have seen long plasmodial- 
like outgrowths of sarcoplasm at one or both ends of muscle fibres and we agree that in 
this way new contractile substance arises. Such a development alone, however, could not 
account for the formation of the new independent muscle-cellular elements. New muscle 
fibres can arise by the splitting of existing fibres by budding or by fission. In our opinion 
the narrow fissures which split many immature fibres suggest division of single myoblastic 
elements into two or more parts. Mitotic figures were never observed in our material and 
we therefore conclude that the process is an amitotic one. 

Attention should be drawn to the innervation of the newly constituted muscle. Intact 
nerve bundles were not observed in the first biopsy specimen but they were present in the 
second and third specimens, in which the number of myelinated tubes and axis cylinders 
was often less than the diameter of the bundles would suggest. That these newly formed 
nerve fibres connected up with the regenerated muscle was evidenced by the recovery of 
voluntary power and by the contractile response of the tibialis anterior to electrical stimulation 
of the lateral popliteal nerve. Nevertheless it is probable that the innervation was incomplete. 

The clinical weakness of the regenerated muscle, we believe, is due to a number of causes. 
Regeneration was far from complete and the concentration of muscle fibres was less than in 
normal muscle. The entire muscle belly lay beneath a tough unyielding sheet of fibrous 
tissue which must have greatly impeded its contractility. Other factors were the incomplete 
innervation ; the endomysial fibrosis in the new muscle belly, which was gross in some areas; 
and the fibrosis of the calf muscles. 

Conclusion—The fact that regeneration of muscle can occur in man, on the scale indicated 
in this paper, may have considerable clinical significance. Power (1945) stated that if the 
tibialis anterior muscle became ischaemic as a result of ligature or division of the anterior 
tibial artery, it should be excised. But it is becoming clear that in the most favourable 
circumstances the regenerative power of human muscle is far greater than was previously 
believed. It may well be that if we can learn to control the dynamics of tissue reaction and 
provide sufficiently favourable circumstances a more hopeful attitude to the ischaemic death 
of muscle will be justified. 


SUMMARY 
1. A clinico-pathological study of a patient who suffered traumatic rupture of his right 
popliteal artery is outlined. 

2. Collateral circulation from the genicular anastomosis developed within twenty hours. 

3. Ischaemic necrosis of the belly of the tibialis anterior occurred, but voluntary power 
began to return about twenty-one weeks after injury. 

4. Biopsy of the muscle nineteen, fifty-seven and seventy-six weeks after injury showed 
that the muscle belly was being reconstituted by new fibres and that the ischaemic tissue 
remained entombed in the deepest part of the muscle. The regenerating fibres arose from 
small numbers of subfascial fibres which either survived the ischaemic episode or had arisen 
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by myoblastic differentiation of connective tissue cells. Sarcoplasmic outgrowths produced 
new contractile substance, and new fibres were formed by amitotic fission. Many of the fibres 
matured and the regenerative process was still active seventy-six weeks after injury. 

5. Growth of new nerve bundles containing myelinated axons accompanied the development 
of new muscle fibres. 


One of us (S. S.) is in part-time employment with the Medical Research Council Unit at the Birmingham 
Accident Hospital. 

We wish to thank Mr J. R. Cooper for the histological preparations and Messrs R. Gill and J. Evatt for 
the photographs. 
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THE TREATMENT OF ESTABLISHED VOLKMANN’S CONTRACTURE 
BY TENDON TRANSPLANTATION 


ATHOL PARKES, GLASGOW, SCOTLAND 


“ Prevention is better than cure ” is a maxim with particular application to Volkmann's 
contracture. But in spite of the advances which have been made in preventive measures in 
recent years—particularly since traumatic arterial spasm has become generally recognised as 
an important causative factor—one still meets the occasional case of fully developed contracture 
of the flexor muscles in the forearm and is faced with the problem of treating this most 
disabling condition. 

Criticism of present methods—In most of the methods at present advocated the deformity 
is corrected by increasing the absolute or relative length of the contracted muscles, and little 
attention is given to the problem of restoring adequate voluntary power to the long flexor 
tendons of the fingers. Such methods, whether they consist of long and tedious stretching 
by special sp'ints, of tendon-lengthening or muscle-slide operations, or of one of the forms 
of bone shortening, merely succeed in replacing what is virtually an overtight tenodesis by 
one of more suitable length. But, except in mild cases, a tenodesis it remains, because the 
massive necrosis of muscle fibres precludes the restoration of any useful range of active 
contraction in the affected muscles. Most patients, including those seen by the author, 
appear to regain some power of flexion in the fingers, but careful exclusion of trick movements 
by fixing the wrist and metacarpo-phalangeal joints may demonstrate that the movement is 
only apparent and not due to active contraction of the long flexor muscles. Although the 
finger flexion obtained by the trick movement may be useful, its range of movement is 
necessarily limited. Bunnell (1948) and others have suggested arthrodesis of the wrist in 
order to make the dorsiflexor tendons available for transplantation, but this eliminates the 
trick movement and none of the muscles made available has a range of movement sufficient 
to restore full movement to the fingers. 

Suggested method—If the movement of active dorsiflexion of the wrist be restored and 
retained while one of the wrist dorsiflexors is used to reactivate the long flexor tendons of 
the fingers, the range of movement due to the transplant will be supplemented by an additional 
range contributed by the trick movement of dorsiflexion of the wrist, and the summation of 
the two effects might be expected to give an adequate total range. Phalen and Miller (1947) 
in America, treating cases of paralysis of the long flexors due either to nerve injury or to 
direct injury of the muscles, have transplanted extensor carpi radialis longus into the tendons 
of flexor profundus, and it seems that this type of transplant might be eminently suitable 
for many cases of established Volkmann’s contracture. 

Selection of cases—The most suitable type of case for this operation would be one in which: 
1) there is moderate or severe contracture of the long flexor muscles; 2) there is little or no 
real voluntary power in the finger flexors after sufficient time for recovery; 3) the joints are 
mobile; 4) any coincident nerve lesion has recovered and the intrinsic muscles of the hand 
are active. Good voluntary power in all the dorsiflexors of the wrist is, of course, essential. 


TECHNIQUE OF OPERATION 
Division of contracted wrist flexors—Flexor carpi radialis, palmaris longus and flexor carpi 
ulnaris are completely divided in order to allow dorsiflexion of the wrist. This can be carried 
out at a preliminary stage by subcutaneous tenotomy if desired, but care must be taken not 
to damage the median or ulnar nerves. 


voL. 33 B, no. 3, auGusT 1951 359 


> 
} 
oF 
| 
| 
i 
| 
| 
; 
| 
; 
| 
i 
: 
| 
i 
= 
° 
4 


A. PARKES 


Fic. 1 


Case 1—Figure 1, showing contracture and range of 
movement before operation. 


Case 1—Figure 2, after operation, showing range of 
finger movement and ability to pinch between index 
and thumb. 


Fic, 2 


Division of all contracted finger flexors—The tendons of flexor digitorum sublimis are resected 
within the limits of the operation field and the tendons of flexor digitorum profundus are 
divided high enough above the wrist to avoid retraction of the distal stumps into the carpal 
tunnel when the fingers are extended. The tendon of flexor pollicis longus is also divided 
to allow extension of the thumb. 
Transplantation of extensor carpi radialis longus into the distal stumps of the profundus tendons— 
The tendon of extensor carpi radialis longus is divided at its insertion, but a rather extensive 
exposure may be required in order to free the tendon from interconnecting bands between it 
and the short radial extensor of the wrist. The muscle with its tendon is rerouted in as 
straight a line as possible from its origin to the front of the wrist; here, proximal to the carpal 
tunnel, it is buttonholed through the four tendons of flexor digitorum profundus and fixed 
in the usual way. Correct tension is necessary to ensure that full advantage may be taken 
of wrist movement. 

Very little post-operative re-education is needed because extensor carpi radialis longus 
is a synergist of the long flexors and naturally contracts simultaneously with extensor carpi 
radialis brevis when this is used to dorsiflex the wrist. 
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TREATMENT OF ESTABLISHED VOLKMANN’S CONTRACTURE BY TENDON TRANSPLANTATION 


Fic. 3 


Case 2—Figure 3, showing degree of contracture. 
There was no voluntary power in the long flexor 
muscles. 


Case 2—Figure 4, after operation, showing range 
of finger movement and ability to pinch between 
index and thumb. 
Fic, 4 
CASE REPORTS 


The rarity of the condition nowadays must be the excuse for publishing a method tried 
on so few as two cases. Among the records for the past twelve years at three of the large 
hospitals in Glasgow, only three cases of established Volkmann's contracture have been 
discovered, including these two. In the remaining case the carpus was excised some years 
ago with a disappointing result. 

Case 1—Boy, aged seven years, with bilateral congenital radio-ulnar synostosis. An attempt to 
correct the deformity on the left side by a rotation osteotomy had caused a typical Volkmann's 
ischaemic contracture accompanied by ischaemic lesions of both median and ulnar nerves. 

Clinical features—There was moderate contracture of all the long flexors of the fingers and thumb 
and also of the wrist flexors. Only a flicker of voluntary power remained in flexor sublimis and 
none at all in flexor profundus and flexor pollicis longus, but the patient was able to move the 
digits through a limited range by moving the wrist (Fig. 1). The ischaemic nerve lesions had 
almost completely recovered. Tvreatment was by the operation described. Result—The tendon 
transplant is rather tight in this case, so that the fingers cannot be fully extended (Fig. 2). 

Case 2—Boy, aged six years. . Sustained a supracondylar fracture of the left humerus, and later 
a typical Volkmann's contracture with ischaemic lesions of both median and ulnar nerves. 

Clinical features— Nine months after the injury there was a severe contracture of all the long flexors 
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of the fingers and thumb, and of the wrist flexors, but the pronators had escaped (Fig. 3). The 
nerve lesions had completely recovered. Treatment was by operation as described. Resu/t—There 
is a full range of flexion of the fingers and an excellent grip (Fig. 4). 


DISCUSSION 

The advantages claimed for this method of treatment over those hitherto advocated are: 
1) immediate correction of the severe deformity; 2) the maintenance of wrist movement and 
of the trick flexion movement; 3) the restoration of voluntary power to the long flexor tendons 
of the fingers; 4) the restoration of a good range of finger movement and of reasonably good 
function to the hand. 

One obvious criticism of the method is that dorsiflexion of the wrist and consequently 
the trick movement are weakened by the loss of extensor carpi radialis longus, but it is felt 
that the gain in the range of finger movement more than outweighs the loss of power. The 
inclusion of flexor pollicis longus in the transplant was not deemed advisable, nor is it considered 
that lack of voluntary power in this tendon constitutes a material disability provided there 
is good active opposition of the thumb (Figs. 2 and 4). Certainly there does not, in these 
particular cases, appear to be any justification for doing an arthrodesis of the wrist in order 
to provide a muscle to actuate flexor pollicis longus, as such a procedure would considerably 
restrict the present range of finger movement. 


SUMMARY 


A method of treatment of Volkmann’s ischaemic contracture is described which retains 
wrist movement and restores reasonably good function to the hand in suitable cases. 
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PROLONGED TRAUMATIC ARTERIAL SPASM AFTER 
SUPRACONDYLAR FRACTURE OF THE HUMERUS 


Report of a Case 


J. C. F. CREGAN, MANCHESTER, ENGLAND 


From the University Department of Orthopaedics, Manchester Royal Infirmary 


A seven-year-old girl was admitted to the Manchester Royal Infirmary six hours after 
sustaining a supracondylar fracture of the left humerus by falling on her outstretched hand. 
Two unsuccessful attempts at reduction had been made; after the first attempt it had been 
observed that the radial pulse was absent. Her ieft elbow and forearm were tensely swollen 
and her hand was cold and pale. Neither radial nor ulnar pulse could be felt; there was a 
cyanotic tinge in the pallor of the fingers, with a sluggish return of colour when the skin was 
pressed. Movement and sensation in the hand and wrist were both normal, and the hand 
was not painful. Radiographic examination showed marked posterior and upward displacement 
of the distal fragment (Fig. 1). 


Fic. 1 
Radiograph of the left elbow on admission. 


Clearly the brachial artery was obstructed. As no improvement occurred, the artery 
was explored three hours after the child’s admission—that is, nine hours after the injury. All 
the muscles in front of the elbow and forearm were bruised and swollen, but there was no 
localised subfascial haematoma. The brachial, radial and ulnar arteries were in tight spasm, 
which was seen to extend as high as the axillary fold and as low as the middle of the forearm, 
which was the limit of the exploration (Fig. 2). No localised arterial injury was found. All 
the smaller arteries examined were collapsed and apparently impermeable; the veins and the 
median nerve appeared normal. The fracture itself was not exposed. 
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The artery was gently mobilised and then swabbed with a | per cent solution of procaine 
in warm saline. The colour of the hand improved appreciably, but the artery showed no more 
than slight relaxation. No pulsation was seen, and the spasm remained obvious. The wound 


was closed. The brachial plexus was then infiltrated with 15 cubic centimetres of a | per cent 
solution of procaine, and the fracture was gently reduced. The hand gradually became pink 


Fic. 2 
Biceps and the median nerve 
retracted, showing the size of the 
brachial artery (on the left) relative 
to one of its venae comitantes (on 
the right). There is soft-tissue bruis- 
ing, but no localised arterial lesion. 


and warm, but the radial pulse did not return for twelve hours, after which time it remained 
present. There were no further alarms. 

Six months later there was an almost full range of active movement at the elbow. There 
was no evidence of ischaemic muscle contracture or nerve lesions. 


COMMENT 


This case is interesting in that persistence of severe ischaemia and complete arterial 
arrest until more than nine hours after the original injury did not lead to ischaemic 
contractures. Possibly the spasm was produced by the first manipulation; if this was so, 
the ischaemia would have been present for only eight hours. The case is also interesting 
because the ischaemia was painless: even full passive extension of the fingers was well tolerated. 

To what extent the arterial spasm was influenced by the treatment is doubtful. The 
operation did, however, disclose that there was no anatomical obstruction to the circulation. 


I am grateful to Miss Dorothy Davison for the drawing reproduced as Figure 2. 
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ISCHIO-FEMORAL ARTHRODESIS BY THE POSTERIOR APPROACH 


J. A. CHOLMELEY, STANMORE, ENGLAND 
and E. J. NANGLE, SALISBURY, SOUTHERN RHODESIA 


From the Institute of Orthopaedics, Royal National Orthopaedic Hospital, London 


Extra-articular arthrodesis of the hip by an ilio-femoral graft has given only moderately 
good results, especially in children under twelve years. The importance of the amount of 
cartilage still present in the greater trochanter at the site of insertion of the distal end of the 
graft has been stressed by Dobson (1948). In unsuccessful cases a later displacement osteotomy 
to correct deformity often results in bony ankylosis across the joint and consolidation of 
the graft. 

Brittain (1942) advocated the ischio-femoral arthrodesis which has the advantage of being 
mechanically more sound, for the graft is in compression and the displacement osteotomy, 
which is a feature of the technique, allows the stresses of weight-bearing to by-pass the 
diseased hip joint. Trumble (1932) had previously introduced the ischio-femoral graft alone 
without the displacement osteotomy but the results were discouraging. Many surgeons were 
chary of using the Brittain technique because of the proximity of the sciatic nerve to the 
graft, especially when considerable flexion deformity exists; and we know of cases in which 
the sciatic nerve has been damaged. Foley (1949) described a technique for ischio-femoral 
arthrodesis by a posterior approach whereby the sciatic nerve could be exposed and retracted, 
and radiographic control could be dispensed with. 

At the Royal National Orthopaedic Hospital forty-seven patients have been operated 
upon by the Foley technique. The purpose of this paper is to present the results and to 
stress the importance of certain technical details. Modifications are suggested which we 
consider have improved the results of this fundamentally sound procedure developed by 
Trumble, Brittain and Foley. 

Most of the operations in our series have been undertaken in patients with quiescent 
tuberculous disease of the hip with fibrous ankylosis. The operation has not been used to 
cut short the usual regimen of conservative treatment; in two cases, however, the operation 
was successfully performed during a period of reactivation of disease. All the patients had 
been up and about before operation; most of the children had been wearing some type of 
hip splint. We consider that patients who have been recumbent for a prolonged period are 
poor operative risks, however well nourished they may appear to be. 

The operation may be used for quite young children—our youngest patient was seven 
and a half years of age. In children the formation of callus and the rate of union is remarkable, 
in contradistinction to our experience with the ilio-femoral arthrodesis (Figs. | to 3). Union 
is less rapid in adults. 

We are doubtful about the value of this operation for cases of osteoarthritis with a 
relatively free range of movement. We have, however, used the modification of Trumble’s 
operation described by Van Gorder (1949) to deal with cases of osteoarthritis where a previous 
displacement osteotomy had failed to relieve the symptoms. In such cases it is unnecessary 
to perform a second osteotomy and the graft is slotted into the posterior surface of the femur. 


TECHNIQUE OF OPERATION 

The patient is placed prone on an orthopaedic table with the pelvic rest in position. 
The subcutaneous tissues and muscle in the line of the incision are infiltrated with 80 cubic 
centimetres of a solution of adrenaline in saline (1 in 200,000). This injection defines the 
tissue planes and eliminates capillary bleeding. 
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J. A. CHOLMELEY AND E. J. NANGLE 


Fic. 2 Fic. 3 


Figure 1—Tuberculosis of the right hip in a girl aged thirteen years. Radiograph taken one 
month after operation during a change of plaster. The early callus formation on the lateral 
side of the femoral shaft is a common finding in children. Figure 2—Three months after 
operation the osteotomy and graft are soundly united. New bone formation is commencing 
along the graft. Figure 3—Sixteen months after arthrodesis, bony fusion has occurred across the 
diseased joint surfaces. The femoral shaft has thickened and the graft is embedded in a pillar 
of new bone. Note the atrophy of the greater trochanter, signifying that the hip joint is being 
effectively by-passed. 
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ISCHIO-FEMORAL ARTHRODESIS BY THE POSTERIOR APPROACH 


The incision—A curved incision is made from below the posterior iliac spine to the greater 
trochanter and then down the lateral aspect of the thigh for three inches. The ilio-tibial tract 
is split over the lateral surface of the femur, and a triangular flap of gluteus maximus is turned 
back by splitting it in the line of its fibres. The insertion of gluteus maximus into the posterior 
surface of the femur is exposed but need not be divided. The sciatic nerve, lying in a bed of 
fat on the ischium, is readily identified; we do not always disturb it, and only dissect it free 
if it is bound down by adhesions or if it is unduly close to the area selected for insertion of 
the graft. Usually this is necessary only if the hip is flexed more than 40 degrees, in which 
event the nerve is in very real danger. In three of our cases it was difficult to see how damage 
to the nerve could have been avoided had it not been exposed and retracted. The next step 
is to divide the vastus lateralis and expose the lateral surface of the femur. The periosteum 
is stripped from the bone with the muscle. This periosteal stripping, and resuture later, favours 
callus formation between the greater trochanter and the upper shaft of the femur (Fig. 1). 


Location of ischium and determination of site of osteotomy—It is now necessary to select the 
appropriate area on the pelvis to receive the graft, and to mark out the site of the osteotomy. 
The femur should be divided immediately above the lesser trochanter, the line of section being 
directed obliquely upwards and medially to point at the broad base of the ischial tuberosity. 
When there is marked flexion deformity the chisel has to be directed somewhat posteriorly 
in relationship to the femoral shaft in order to penetrate the correct part of the pelvis. This 
must be done only when the sciatic nerve is clearly identified. A great advantage of the open 
posterior approach is that the mass of ischial bone under the postero-inferior lip of the 
acetabulum may be used for the reception of the graft, unless the degree of fixed flexion is 
excessive. 

The quadratus femoris and the two obturator muscles are not detached and bony points 
are identified by palpation. Superiorly, the neck of the femur is defined and traced down to 
the lesser trochanter. Medially, the obturator foramen can be identified sloping away at a 
surprising angle. Postero-medially the selected buttress of bone at the root of the ischial 
tuberosity is felt. 

The osteotomy—The line of osteotomy having been selected, a bone lever or similar marker is 
placed on the ischium; this helps to check the tendency for the line of the section to incline 
downwards. A row of drill holes made before using the osteotome also ensures that the correct 
direction is maintained and prevents splintering of the medial cortex, with the possibility of a 
troublesome spike on the lower fragmert. 

Insertion of the graft—A tibial graft is cut from the whole width of the subcutaneous surface, 
and one end is bevelled to a chisel-point. A chisel is driven between the surfaces of the 
osteotomy until it touches the pelvic wall. With careful hammering the chisel may be felt to 
breach the outer cortical surface, cross the cancellous bone and come into contact with the 
medial cortex, which is just penetrated. The length of the graft required is measured on the 
chisel and the bone graft is marked accordingly. The chisel is then withdrawn and the graft 
is hammered into position. No special instruments are required for this step. The medullary 
surface of the graft must be directed downwards. In one case the graft was inserted with 
the cortical surface downwards. Sound union occurred between the graft and the upper 
fragment, but only poor callus formation resulted between the undersurface of the graft 
and the femoral shaft. 

Displacement of the femoral shaft—When the graft is firmly embedded, the femoral shaft is 
displaced medially as far as possible. This is an important part of the operation which 
improves stability and reduces the shearing strain across the diseased joint; the usefulness 
of osteotomy alone in the treatment of tuberculous disease has long been recognised (Wilkinson 
1947). The graft is also supported on its undersurface and does not have to span a wide gap. 
Failure to displace the femur medially may lead to fracture of the graft (particularly in adults) 
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for the graft has to span a considerable gap and may give way in the middle under the stress 
of weight-bearing. 

The plaster—A double hip spica is applied with the patient in the prone position. Sagging of 
the trunk increases the lumbar lordosis and the affected leg is held in the horizontal position: 
we have found by experience that this gives an appropriate degree of flexion (15-20 degrees 
in children and 25-30 degrees in adults). The limb is abducted 5-10 degrees in children, but 
less in adults. Four suspension points are incorporated in the plaster to facilitate counterweight 
suspension from a beam as described by Dommisse and Nangle (1947) and Nangle (1951). 
The plaster is retained for three months. It is then removed for radiographic examination 
and replaced by a short hip spica in which the patient usually learns to walk well within 
two weeks. The short spica is discarded after a further two or three months. 

A modified technique—In patients who have had a previous displacement osteotomy we 
have used, instead of the technique described above, a modification of Trumble’s operation 
(Van Gorder 1949). The usual massive tibial graft is employed and inserted into a slot cut 
in the posterior surface of the femur. It is driven into the area of the ischium below and 
behind the acetabulum, immediately in front of the sciatic nerve (Fig. 4). (In Trumble’s 
original operation the graft was inserted into the ischial tuberosity behind the sciatic 
nerve. This is a more difficult operation, the graft must be longer and the procedure is 
mechanically less efficient). The femoral end of the graft shows no tendency to displacement 
if the block of femur to be removed is accurately measured and the edges undercut. The 
graft is slotted under the edges and driven across into the ischium. The graft may be held 
to the femur by a screw if necessary. 

In cases of non-infective arthritis a slot may be cut in the posterior wall of the 
acetabulum and an additional bone graft driven into the femoral head (Fig. 4). This 
modified operation appears to have a useful place in difficult cases in which there has been 
a good deal of operative intervention from the front, for the posterior approach avoids the 
previous scars and areas of fibrosis. 

RESULTS 

Forty-three patients have been operated upon by the modified Brittain technique. Sound 

bone fusion was obtained in thirty-nine, and the operation failed in four (Table I). Four 


TABLE I 


RESULTS OF ISCHIO-FEMORAL ARTHRODESIS IN FORTY-SEVEN 
CASES 


Total Sex 
Type of number Sound 
arthrodesis of Failure 
cases 


Brittain 43 


Trumble 4 


Total 47 


Mortality 0 


One case had to be done a second time as the graft pulled out of 
the pelvis after a fall downstairs. 


patients have been submitted to the modified Trumble operation, with successful fusion in 
three and failure in one (Table I). No deaths occurred as a result of operation. The results 
in relation to the primary disease are shown in Table II, and in relation to age in Tables III 
and IV. In many cases successful ischio-femoral fusion has been followed by bony fusion 
across the diseased joint (Figs. 5 and 6) or by consolidation of a previously unsuccessful 
ilio-femoral graft (Figs. 7 to 9). 
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TABLE II 
RESULTS OF FORTY-SEVEN OPERATIONS CLASSIFIED ACCORDING TO THE PRIMARY DISEASE 


Modified Brittain technique 


Modified Trumble technique 


Types of cases Sound 4 


fusion 


Number 
of cases 


Sound 
fusion 


Number 


Failure 
of cases 


Failure 


Tuberculous disease 1 


39 


Osteoarthritis 


Poliomyelitis 


hip. 


Slipped femoral epiphysis 


Pyogenic arthritis 


Congenital dislocation of the 1 1 


TABLE III 
RESULTS OF FoRTY-SEVEN OPERATIONS CLASSIFIED ACCORDING TO AGE 


Modified Brittain technique | 
Age 
(years) 


Successful 
fusion 


Successful 
fusion 


Number 
of cases 


Failure 


Failure 


0-5 


6-10 


11-15 


16-20 


21-25 


26-30 


31-35 


TABLE IV 


RESULTS OF FoRTY OPERATIONS FOR TUBERCULOUS ARTHRITIS 
CLASSIFIED ACCORDING TO AGE 


Modified Brittain technique Modified Trumble technique 


Age 
(years) Sound 


fusion 


Number 
of cases 


Sound 
fusion 


Number Failure Failure 


7-10 


11-20 


21-30 


31-40 


over 40 
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Fic. 4 
Trumble-type graft used to stabilise the 
left hip in a woman aged twenty-three 
years. Osteotomy performed ten vears 
before for osteoarthritis failed to relieve 
her pain. A small graft has also been driven 
into the femoral head through a slot cut 
in the posterior wall of the acetabulum. 


Fic. 5 Fic. 6 
Figure 5—Tuberculosis of the left hip of two years’ duration in a boy aged fifteen years. A 
disorganised joint space is still present. Figure 6—Six months after arthrodesis. The femoral 
shaft has been displaced well into the side of the pelvis and a remarkably rapid bony fusion has 
taken place across the joint. (Mr J. J. P. James's case.) 
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Fic. 7 


Quiescent tuberculous left hip in a boy aged 

fourteen years. The disease began at the age 

of three years and an unsuccessful ilio-femoral 

arthrodesis operation was performed at the 

age of seven vears. Note remains of the graft 
fused to the trochanter. 


Fic. 8 Fic. 9 
Same case as Figure 7. Figure 8—Three and a half months after ischio-femoral arthrodesis the ilio- 
femoral graft is showing signs of hypertrophy. Figure 9—Fourteen months later the ilio-femoral 
graft has regenerated and united with the pelvis after lying dormant for seven years. This case 
exemplifies the alteration of joint mechanics that follows successful ischio-femoral arthrodesis. 
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ILLUSTRATIVE CASES 


Case 1—Man aged forty-three years. In 1918 he developed tuberculosis of the greater trochanter, 
which was partly excised. In 1942 he attended with tuberculous arthritis of the hip and a discharging 
sinus, which were treated conservatively. In 1943 a radical exploration of the hip joint was 
performed and much diseased bone was removed. 
A sinus persisted for two years. In 1947 a 
displacement osteotomy was undertaken but 
unsound fibrous ankylosis followed. In June 1949 
the patient was in a miserable state with a painful 
unstable hip. It was therefore decided to attempt 
arthrodesis. An ischio-femoral graft was inserted 
after dividing the femur. The graft failed to 
unite with the femoral shaft (Fig. 10). The hip 
is now more stable and less painful than before 
the operation. 

Comment—tThis case illustrates failure to 
secure sound arthrodesis from ischio-femoral 
grafting. The complete failure of revascularisa- 
tion of the graft was attributed to the mass of 
fibrous tissue surrounding the diseased area. 


Case 2—In 1941 a boy aged thirteen years 
developed tuberculosis of the left hip, which 
was treated conservatively. In February 1949 
ischio-femoral arthrodesis was performed. The 
osteotomy was too low and the graft was driven 
too far into the ischium. The inward displace- 
ment of the femur was excessive (Fig. 11). 
Nevertheless a year later the result was excellent. 
Bone fusion had occurred across the diseased 
Fic. 10 joint, the cavities in the ilium had filled in and 
Cone 1—A tailed no man Of had boon absorbed (Pig. 12). 
aged forty-three years who had suffered from Comment—A technically imperfect operation 
tuberculous disease of the hip for thirty-one i 
years. The graft is sclerotic and new bone has 
' failed to develop. that the rectum may be damaged if the graft 
is inserted too far. We do not know of any 
such case and have found that even when the graft penetrates a considerable distance it can 
be felt per rectum only with difficulty and appears to be covered by a thick layer of obturator 
internus and levator ani muscle. 
Case 3—A woman aged thirty-three years had an untreated congenital dislocation of the left hip. 
When she was twenty-three years old an attempt had been made to arthrodese the hip by shaping 
the head and neck of the femur into a spike which was inserted into the ilium. The operation failed 
and she developed adduction deformity of 15 degrees, which was later corrected by osteotomy. 
The hip continued to be painful until successfully fused by inserting an ischio-femoral graft through 
a second osteotomy. The graft was inserted higher than usual because this appeared to be the 
most stable position (Fig. 13). 
Comment—There was a considerable degree of fibrosis, but the posterior approach enabled 
one to expose the side of the pelvis and to preserve the sciatic nerve without undue difficulty. 


COMPLICATIONS 
Infection—A few patients developed a superficial stitch infection, especially when an angular 
instead of a curved incision was employed. No deep infection occurred, and there were no 
cases of infection of the donor area of the tibia. 

Fracture of the tibia—There were two cases of complete fracture of the donor area of the 
tibia three months and three and a half months after operation. In both cases a motor saw 
had been used for the two transverse cuts made when removing the graft. Two other patients 
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Fic. 11 Fic. 12 
Case 2. Figure 11—Radiograph of a tuberculous hip in a boy aged thirteen years, one month after . 
the insertion of an ischio-femoral graft which has been driven in too far. Figure 12—The radiograph : 
one year later shows that sound consolidation has occurred both in the graft and across the hip joint. : 
The excess graft has been absorbed. ; 


Fic. 13 


Case 3—The graft and osteotomy technique employed to stabilise the dislocated left hip of a woman 
aged thirty-three years. Previously an unsuccessful attempt had been made to arthrodese the hip. 
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complained of pain in the donor tibia two and a half months and four months after operation, 
and radiographs showed crack fractures without displacement. Both were treated with active 
movements in bed followed by graduated weight-bearing. Of these four fractures attributable 
to the removal of the graft, three occurred more than three months after the operation. 

Fracture of the femur—An obese girl of twelve years fell four months after operation and 
sustained bilateral greenstick supracondylar fractures of the femur. She was treated with 
rest in bed without any splintage and rapid healing occurred. A boy of thirteen years was 
involved in a motor accident six months after arthrodesis; he sustained a comminuted 
fracture of the shaft of the femur on the side of the arthrodesis but the injury did not impair 
the result. 


Radiograph of a Trumble type graft employed 
to stabilise a paralytic dislocation of the hip in 
a girl of fifteen years. The graft broke after two 
and a half months’ weight-bearing. 


Fracture of the graft—Fracture of the graft occurred only once in our series and then after a 
Trumble-type operation. The patient was a heavy girl, aged fifteen years, with a painful 
dislocation of the hip secondary to anterior poliomyelitis in infancy. The joint was freely 
mobile and we hesitated to perform an osteotomy for fear of losing control of the upper 
fragment. The head of the femur was therefore dislocated posteriorly and all articular cartilage 
was erased. The head was replaced in the large acetabulum and held in position with a 
Trumble type of graft, fixed to the femur with a screw. Walking in a short hip spica was 
permitted three and a half months after operation. We predicted that the graft would 
fracture and advised displacement osteotomy, with confidence now that the upper fragment 
was under control. Before the patient could be readmitted, however, the graft snapped in 
the middle after two and a half months of weight-bearing (Fig. 14). Displacement osteotomy 
has since been successfully performed. 
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Tuberculous abscess—In three cases an abscess was encountered after reflecting the gluteus 
muscle. In one patient, in whom the disease had been quiescent for several years, we proceeded 
with the operation; the post-operative course was uneventful and sound fusion occurred. In 
two other patients osteotomy only was performed, and these two cases have therefore been 
omitted from this series. 


DISCUSSION 


The results show that sound extra-articular fusion can be obtained in a high proportion 
of cases. Moreover, in cases of tuberculous disease, once the diseased joint has been by-passed 
by an ischio-femoral graft fusion across the joint itself frequently occurs in a relatively short 
time—sometimes within a year from the date of operation. In cases of osteoarthritis bony 

| fusion across the joint is not usually to be expected after ischio-femoral arthrodesis because 
of the sclerotic nature of the joint surfaces, but a solid extra-articular arthrodesis can be 
| obtained. Our experience with ischio-femoral fusion for osteoarthritis is small because, in 
general, we favour arthroplasty rather than arthrodesis, and, in particular, we do not advise 
extra-articular arthrodesis for patients who still have a good range of joint movement. 


SUMMARY 
1. The indications for ischio-femoral arthrodesis are considered. 
2. The technique of operation through an open posterior approach is described. 
3. Indications for the modified Trumble operation are given. 
4. The results of ischio-femoral arthrodesis in a series of forty-seven patients (mostly suffering 
from tuberculous hip disease) are presented. 
: 5. The writers consider that ischio-femoral arthrodesis is the operation of choice in tuberculous 
disease of the hip, especially in children. 
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OBSERVATIONS ON HALLUX VALGUS 
Based on a Controlled Series 


R. H. Harpy and J. C. R. CLAPHAM, Lonpon, ENGLAND 


From the Department of Anatomy, University College, London 


In view of the varied accounts of the natural history of hallux valgus in man it seemed 
worth while to attempt a series of exact observations on established cases together with a 
comparable number of controls. While any marked differences between the two groups might 
be merely accidental, it is likely that a predisposing factor, if any such exist, would either be 
found among them, or at least closely related to such differences. 


CLINICAL MATERIAL 


The material of the survey was drawn from three sources: morbid material from the 
Royal National Orthopaedic Hospital; controls from University College and Hospital, and 
from the Royal Naval Barracks at Portsmouth. 


Morbid group—In May 1949 there was a list of 250 patients waiting for Keller’s operation 
at the Royal National Orthopaedic Hospital. A letter was sent to each one, asking him to 
attend this department for an investigation, the nature and purpose of which was briefly 
explained. Of the 101 persons who presented themselves for examination, eighty-nine were 
suffering from uncorrected hallux valgus (affecting one or both feet) with symptoms of pain 
and deformity in the region of the first metatarso-phalangeal joint. Of the 250 patients 
written to, only twenty-nine (12 per cent) were males; and of those who attended for 
investigation only three were males. Eight (42 per cent) of nineteen patients with hallux 
rigidus examined in a similar manner were men; the proportion of men in the total list of 
250 awaiting Keller’s operation who were suffering from hallux valgus should therefore be 
rather less than 12 per cent. The ages of those examined ranged from twenty to sixty-six 
years with a preponderance between the ages of thirty-five to fifty-one years (Fig. 2). Of 
the women examined forty-seven (54 per cent) had borne one or more children. 

Twelve of the 101 patients who attended were excluded from the investigation: eleven 
were suffering from bilateral hallux rigidus and one had already had bilateral operations 
without benefit. 

The remaining group of eighty-nine patients with hallux valgus was, of course, highly 
selected and the following selecting factors are set down in a suggested order of importance: 
1) Occurrence of symptoms. 2) Environment making operation preferable to a continuance 
of symptoms (the influence of fashion in shoes should be included here). 3) Suitability of 
case for operation as judged in orthopaedic out-patient department. 4) Willingness to submit 
to a lengthy investigation for purposes of research. 5) Ability to reach University College, 
London, at stated times. 

An attempt was made to meet, so far as possible, all types of person by offering a choice 
of morning, afternoon and evening times of attendance. Fares were paid for all who attended, 
except in the few instances of those who refused payment. 


Control group—Eighty-four persons were investigated in the same way as the morbid group. 
They were drawn from among the staff and students of University College and the nurses’ 
preliminary training school at University College Hospital. Fifty-two (62 per cent) were 
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women. One nurse was found to be suffering from advanced bilateral hallux rigidus ; otherwise 
there was no marked morbidity. Their ages were not closely comparable to those of the 
hallux valgus group, and ranged from sixteen to sixty-five years with a large preponderance 
between the ages of sixteen and twenty years (Fig. 1). In addition to these persons who were 
investigated fully, forty-two naval ratings of the Royal Naval Barracks, Portsmouth, were 
submitted to a brief clinical examination and a standard plantar radiograph. These were 
mostly young recruits between seventeen and nineteen years of age; the total range was 
from seventeen to forty-five years. 

Of the London controls, those from University College were volunteers of whom only 
one or two expressed any concern with the condition of their feet and none with any emphasis, 
so that a desire for diagnosis or advice does not appear to have been a strongly selective 
factor. The nurses were all those available from the training school at the relevant moment. 
The naval recruits were selected by a Chief Petty Officer according to their freedom from 
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Fic. 1 Fic. 2 
Histograms of distribution of age of subjects in two groups. Figure 1—Control 
group. Figure 2—Morbid group. 


other commitments, and only one showed any interest in his feet; advanced osteoarthritic 
changes were present in the region of the first metatarso-phalangeal joint which gave rise to 
slight symptoms; these were unilateral and attributed to a single instance of severe trauma. 


METHODS OF INVESTIGATION 
In addition to a full history and clinical examination four methods of collecting data 
were used. 
Radiographic examination—Standard medio-lateral and plantari-dorsal radiographs were 
taken, from which it was found possible to take measurements which were significant for the 
purpose of comparison. In a preliminary investigation (Venning and Hardy 1951) it was 
found that, under the conditions laid down, measurements in the lateral radiograph of 
“arch height ”’ (from the head of the talus to a base line—usually about 45 millimetres in 
the adult) showed a standard deviation of +1-5 millimetres; in the plantar view measurements 
of angle between an axis of the second metatarsal and a transverse tarsal base line (usually 
about 100 degrees) showed a similar standard deviation of +-1-5 degrees. Small departures 
from the standard conditions were found to lead to considerable errors in measurement 
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(Figs. 3 and 4). Ten measurements were made from each plantar and seven from each lateral 
radiograph in addition to general observations. 

The standard position for the lateral radiographs was as follows: The subject stood erect 
on one leg with the knee fully extended; the other knee was flexed, with the toes off the 
ground. The cathode-film distance was 100 centimetres, and the distance from a plane of 
the foot, represented by a line joining the base of the first interdigital cleft to the mid-point 
of the back of the heel, to the film was 11-5 centimetres. The central ray passed just 
below the base of the fifth metatarsal. 


Standard radiographs. Figure 3—Lateral view. 

AB, base line; CD, arch height; EF, arch length. 

Figure 4—Plantar view. AB, axis of second meta- 
tarsal; CD, transverse tarsal line. 


Fic. 4 


For the plantar radiograph the subject sat on a stool with the trunk upright and the 
knee flexed to about 120 degrees; the sole of the foot rested on a perspex sheet overlying the 
film in such a way that the central ray passed through the head of the second metatarsal; 
the base of the first interdigital cleft, the apex of the knee and the eye of the same side 
were in a straight line. The cathode-film distance was 100 centimetres. 

Photography—<A multiple photograph was taken by means of an arrangement of mirrors 
and included plantar, medial, lateral and posterior views of the foot (Figs. 5 to 7). By means 
of incorporating scales, measurements were made directly from the enlarged prints. Twelve 
measurements and general observations were recorded from each photograph. 

Goniometry and ergometry—By means of a simple mechanical device (Figs. 8 and 9) an 
approximate measure of the range of movement of the foot on the leg and of the great toe on 
the foot was made. The axis of movement in each case was taken to be at right angles to 
that of the leg, passing through the prominence of the lateral malleolus and the metatarso- 
phalangeal joints respectively. Readings were also taken of the force exerted in pounds by 
the isometric contraction of different groups of muscles in executing certain movements of 
the foot on the leg, and of the toe on the foot, against a resistance (Fig. 10). The force was 
transmitted by a right-angled lever to a ground-steel bar, the deflections of which were 
measured in thousandths of an inch. The deflection of the bar was calibrated for the force 
exerted in pounds. A mean of three readings was taken for each observation. Four 
observations of range of movement and five of force exerted were recorded. 
Footprinting—Two types of footprint were used: one produced by pressing a thin sheet 
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Figure 5—General view of apparatus for 
taking multiple photographs. Figure 6—- 
Detail of arrangement of mirrors. 
Figure 7—Specimen of multiple photograph. 


Fic. 8 


The measuring apparatus in use. Figure 8—The goniometer in 

neutral position. Figure 9—The goniometer set to full flexion of 

ankle and first metatarso-phalangeal joints. Figure 10—The 

ergometer: the dial is calibrated to read deflection in thousandths 
of an inch. 
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(0-5 millimetres) of plain inked rubber on to a sheet of paper; the other obtained by means 
of a rubber sheet similarly inked but bearing on its undersurface a set of intersecting rubber 
ridges of different heights designed to give an indication of the pressure over the sole of the 
foot.* Specimens of each kind of print are shown in Figures 11 and 12. Six measurements 
were taken from the plain footprint and an estimate of pressure distribution was made from 
the other. 


Fic. 11 Fic. 12 
Figure 11—Plain footprint with projection lines. AB, 
medial contact line; EF, lateral contact line; DC, midline. 
180° minus angle @=angle A. Figure 12—Weight distribu- 
tion footprint. Maximum weight is under the head of first 
metatarsal. 


Personal details—<A detailed history of general health and of the feet in particular was 
taken, and a history of the family’s feet so far as possible. A detailed clinical examination 
of each foot was made, together with a note of the distribution of wear on the bottom of the 
shoe. 


Statistical method—All the data collected were recorded on a pro forma and subjected to 
statistical analysis, and a large number of correlations were tested by means of the correlation 
coefficient. Whenever possible objective measurements were correlated with facts in the 
history or subjective observations of the subject or observer by means of the Chi-square test. 
In general comparisons each foot was treated as a unit so that recorded figures refer to feet 
and not to subjects unless otherwise stated. Only those observations and correlations are 
recorded which appear to be of interest in relation to past observations or of high statistical 
significance themselves. 


* This type of footprinting mat was designed by Harris and Beath (1947) for the Royal Canadian Army 
Medical Corps foot survey, and kindly supplied through the Canadian High Commissioner in London. 
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OBSERVATIONS ON MORBID AND CONTROL GROUPS* 
Degree of hallux valgus—An objective measure of valgus deformity on the plantar 
radiograph is the first requisite in defining the terms of reference of this paper. The 
measurement made is of the angle between the axis of the first metatarsal and that of the 
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Figure 13—-Radiographic measurement of hallux valgus. Angle X: between axes of 
first metatarsal and proximal phalanx. Figure 14—Distribution of hallux valgus in 
control group. Figure 15—Distribution in morbid group. 


proximal phalanx; the first was obtained by bisecting the shaft of the metatarsal at two 
levels, joining the points of bisection and extending the line in both directions; the second 
was obtained by a line applied by visual estimation, because the irregular outline of the 
phalanx did not allow of geometrical division at two levels (Fig. 13). 


* Statistical note—The term “statistically significant ’’ is used conventionally throughout this paper, 
i.e., not significant, the probability of the findings being due to chance is more than one in twenty; 
significant, probability less than one in twenty; highly significant, probability less than one in a hundred ; 
very highly significant, probability less than one in a thousand. 

The correlation coefficient is used as a measure of the interdependence of two quantities. If the 
variables are independent, the correlation coefficient will be zero. If the interdependence is complete and 
the relationship linear the correlation coefficient will be +1, the positive sign indicating that high values 
of one variable occur with high values of the other and a negative sign indicating that high values of one 
occur with low values of the other. 
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The distribution of the degree of valgus in the two groups is shown in the histograms 
(Figs. 14 and 15). The angle of valgus in the controls (252 feet) ranged from 0 to 36 degrees 
and in the morbid group (165 feet, operated cases excluded) from 12 to 60 degrees; the modes 
of the two groups lay at 12-16 degrees and 32-36 degrees respectively. The difference between 
the means (32-0—15-7=16-3 degrees) is very highly significant (probability estimated by 
the t-test <-001). The standard deviation of the control series is +6 degrees, and it is 


INTERMETATARSAL ANGLE IN DEGREES INTERMETATARSAL ANGLE DEGREES 
Fic. 17 Fic. 18 
Figure 16—Radiographic measurement of metatarsal angle. Angle X: between 
axes of first and second metatarsals. Figure 17—Distribution of metatarsal angle 
in control group. Figure 18—Distribution in morbid group. 


perhaps permissible to take “ normal” distribution for the age group of the controls we are 
dealing with as 4-28 degrees (the mean +2 standard deviation) for the purpose of analysis 


and reference. 

First intermetatarsal angle—This angle was obtained by measuring the angle between 
the axes of the first and second metatarsals, obtained by the method given in the preceding 
section (Fig. 16). In the 252 feet of the control series this angle ranged from 0-17 degrecs, 
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with the mode occurring at 8-9 degrees (Fig. 17). The mean intermetatarsal angle was 8-5 
degrees. In the 177 defective feet the angle (measured in those cases that had been treated 
by Keller’s operation, as well as in the 165 uncorrected feet of the preceding section) ranged 
from 4-27 degrees with a mode at 14-15 degrees (Fig. 18). The mean intermetatarsal angle 
in the morbid group was 13 degrees. There is a very highly significant difference between 


these means. 


W* OF CASES 


~ 


DISTANCE BETWEEN ARCS iN mm DISTANCE BETWEEN ARCS /N mm 
Fic. 20 Fic. 21 


Figure 19— Radiographic measurement of relative metatarsal protrusion. 
C, centre of circle of which A and B are arcs. Figure 20—Distribution of 
metatarsal protrusion in control group. Figure 21—Distribution in morbid group. 


It will be observed that the distribution diagram of intermetatarsal angle in the control 
group is approximately symmetrical, with mean and mode coinciding. In the morbid group 
this is not so. It is to be expected that when symptoms are the chief selecting factor for 
inclusion in a morbid series the series will lack homogeneity. However, the departure from 
symmetry is not statistically significant. 

Relative metatarsal protrusion—This is a somewhat vexed question because the definition 
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of terms is difficult and, even when defined, the relevance and interpretation of the terms are 
obscure. However, for the purpose of the survey the measure was made in the following way. 
The axes of the first and second metatarsals were drawn as described above; a transverse 
tarsal line was drawn so as to touch the posterior articular surface of the cuboid and the 
posterial aspect of the tuberosity of the navicular. At the point of intersection of this line 
with the axis of the second metatarsal one point of a pair of dividers was placed; arcs were 
then drawn with the other so as to touch the articular surfaces of the heads of the first and 
second metatarsals (Fig. 19). The radial distance (in millimetres) between the arcs was taken 
as the measure of relative metatarsal protrusion. For the purpose of recording this measure 
the distance between the arcs is preceded by a sign: a positive sign indicates that the first is 
greater than the second, and a negative sign that the second is greater than the first. 

The histograms of this measure indicate a “ shift to the right ” in the morbid group as 
compared with the control group (Figs. 20 and 21); that is, the mode of the morbid series 
falls at +5 millimetres to +7 millimetres (mean measure +4 millimetres) and the mode of 
the control group falls at +2 millimetres to +4 millimetres (with a mean +2 millimetres). 
This amounts to a statement that in the cases of hallux valgus the first metatarsal is longer 
than in the controls. The difference between the two means is statistically very highly 
significant, although arithmetically small. 

Mention must be made at this point of the work of Morton (1935). He used as an estimate 
of relative protrusion a perpendicular to the axis of the second metatarsal at the point of 
intersection of the distal articular surface, and measured the distance from this perpendicular 
to the head of the first metatarsal. His measure is based on his conception of the functional 
mechanics of the foot, of which no criticism is offered; but it is nevertheless open to the 
objection that any increase in the intermetatarsal angle will lead to an apparent shortening 
of the first metatarsal. While it may be true that widening of the intermetatarsal angle is 
dynamically equivalent to shortening of the first metatarsal, it is clearly redundant to measure 
both and regard each as a separate factor. In the Canadian Army survey (Harris and Beath 
1947) this measurement was made as a radial distance between arcs of circles centred on the 
mid-point of the posterior aspect of the calcaneum, a point which was not accurately 
identifiable by the methods here described. Ideally these arcs should be of circles centred on 
the intersection of the radii represented by the metatarsal axis, but in practice their 
convergence is, in cases of small intermetatarsal angle, so far distant from the metatarsal 
heads as to make the measure inconvenient. 

It is, of course, not possible—even if it were desirable—to measure the absolute lengths 
of the first two metatarsals because of the irregularity of their proximal joint surfaces. It 
must be pointed out that the method of comparison here suggested contains an inherent bias, 
in that those subjects with a larger metatarsal angle will be compared by means of arcs of 
circles of approximately the same radius as those with a smaller intermetatarsal angle. Thus 
there will be a tendency slightly to underestimate the relative protrusion of the first 
metatarsal in cases of metatarsus primus varus. 

Sesamoid displacement—The position of the sesamoids in relation to the head of the first 
metatarsal was measured by relating the medial sesamoid to the metatarsal axis. Seven 
degrees of position are recorded in this way (Fig. 22). Thus, in the first position, the medial 
sesamoid is entirely on the medial side of the axis and not in contact with it and, in the 
seventh position, it is entirely lateral to the axis. In the 252 controls the spread is from 
1 to 6 degrees of displacement, with 90 per cent showing 3 or less degrees of displacement ; 
in the morbid series (174 readings) from 1 to 7 degrees of displacement, with 88 per cent 
showing 4 or more degrees of displacement (Figs. 23 and 24). 

Rotation of the hallux about its long axis—It was not found possible to make an objective 
measure of this observation. Rotation was therefore said to be present or absent. It was 
found that the estimate of rotation from the radiograph and from the medial photograph 
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corresponded closely (Figs. 4 and 7). Rotation was found only in the morbid group and it 
was observed that of those subjects who showed rotation of the hallux the average degree 
of hallux valgus was 36 degrees, and of those who did not show such rotation the average 
valgus was 19 degrees. 

Mobility of the first tarso-metatarsal joint—Again no objective measure of the observation 
was possible. It was estimated clinically as follows: the whole tarsal area of the foot was 
firmly grasped in one hand while the fingers of the other grasped the head of the first metatarsal 
and attempted to flex and extend it in the vertical plane. The findings were recorded as 
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Figure 22—Displacement of medial sesamoid of first metatarso-phalangeal joint—seven 

positions in relation to the axis of the first metatarsal. Figure 23—Distribution of sesamoid 

displacement in control group. Figure 24—Distribution in morbid group. 


free mobility, limited mobility, no mobility. In the 168 members (sailors excluded) of the control 
group 59 per cent showed free mobility, 29 per cent limited mobility, and 13 per cent no 
mobility. The figures for the morbid group were 63 per cent, 18 per cent and 19 per cent 
(185 feet) respectively. The difference between the distributions of the control group and 
the morbid group is statistically significant. 

It should be pointed out that for a given age and degree of valgus, the partial correlation 
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between stiffness of this joint and lowering of the ‘‘ arch height ’’ dimension is significant, 
but that the partial correlations between the degree of valgus and stiffness, and between 
age and stiffness are not significant. That is, for a given “ arch height ”’ there is no correlation 
between stiffness and valgus or between stiffness and age. 

No radiological estimate of this observation was possible because it was found that in 
almost any foot an apparent gap between the two medial cuneiforms could be made by 
altering the relation of the foot to the film. 


Age of onset of symptoms—Of those who were able to give a definite estimate of the age 
of onset of their valgus condition (either as onset of pain or deformity—usually the latter) 
twenty-four out of fifty-two (46 per cent) gave an age of onset less than twenty vears and, of 
these, sixteen (30 per cent) gave an age of onset of less than fifteen years. 


Family history—Of the ninety-one cases in the morbid group with a degree of hallux valgus 
less than 25 degrees, there was a positive family history in fifty-seven (63 per cent)—that is, 
at least one of the following relations suffered from ‘‘ bunions ’’: grandmother, grandfather, 
mother, father, uncle, aunt (consanguineous), brother, sister (siblings), children. Only a 
limited significance can be attached to these reports because of lack of definition of the term 
“bunion ”’ and inaccessibility of most of the relations in question for examination. They 
are nevertheless of some interest in comparison with the eighty-four control subjects of whom 
only one gave a positive family history of ‘‘ bunions.”’ 

There are at least two highly selective factors here; namely the interest aroused by a 
complaint similar to the sufferer’s own, combined with a natural desire of a rational being 
to attribute a cause to an observed fact, for which purpose heredity is a favourite choice. 

: It is perhaps worth observing that of the fifty-seven who avowed a family history of bunions 
77 per cent implicated the mother, 16 per cent the father, 33 per cent brother(s) or sister(s) 
and 4 per cent children. There were no statistically significant differences between the mean 
degree of hallux valgus occurring in each of the four groups. 


Sex differences in the control group—Of the 125 cases in the control group, seventy-three 
were men and fifty-two women. Sex differences were investigated for the three measures, 
degree of hallux valgus, intermetatarsal angle and relative metatarsal protrusion. The 


results are shown in Table I. 


TABLE I 


DIFFERENCES ACCORDING TO SEX: CONTROL GROUP 


Mode of distribution Mean measure Standard Value of t 
Measure error of (123 degrees Probability 
Male Female Male Female difference of freedom) 
Degrees of valgus| 11 14 145 15-4 0-78 1-21 
egrees of valgus 5- LQ. 2 


“O01 
inter-metstarsal 7 10 $3 96 3-77 (very highly 

angle 
significant) 


Relative > 0-7 
metatarsal 3 mm. 2mm. 28mm. 2-7 mm. + 1-28 0°35 

(not significant) 
protrusion 


It appears, then, that there is no significant difference between the means of the male 
and female controls in the case of severity of hallux valgus and relative protrusion of the 
first metatarsal, but there is a mean increase of intermetatarsal angle of 1-3 degrees in the 
females over the males, and this difference is statistically highly significant. 
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OBSERVATIONS ON HALLUX VALGUS 


CORRELATIONS 


All the large amount of data collected for each subject of this investigation, comprising 
175 entries, was transferred to a punched card system. Although no attempt was made to 
intercorrelate all items of data many correlations were tested. Where objective measurements 
were used the correlation coefficient can be quoted, whereas the X? test is used to test the 
significance between subjective observations of a “‘ yes, no or somewhat ”’ variety. It is to 
be expected that a large number of apparently irrelevant correlations will appear in such a 
blunderbuss method, and it is of interest to note that in many observations there is a departure 
from the control observations in the morbid group. For instance there is a lowering of the 
head of the talus towards the base line in the lateral radiograph in the morbid group, which 
correlates fairly well (correlation coefficient from the combined series, —0-3) with the severity 
of hallux valgus. Similarly there is a correlation between advancing age and the occurrence 
of foot symptoms. In fact the apparent correlation between lowering of the “ arch height ”’ 
and degree of valgus is statistically attributable solely to age (see page 385-—mobhility of 
tarso-metatarsal joint). It is not necessary to record more than a few of these correlations. 
Those that are recorded are set down in order of significance. 


Correlation of degree of hallux valgus with size of intermetatarsal angle— Of all the 
correlations recorded this is by far the most striking. Over the whole series of cases, control 
and morbid groups together, there is a correlation coefficient between them of 0-71. It is 
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Correlation diagram—hallux valgus in degrees correlated with intermetatarsal angle in degrees. 
An arrow has been placed at the level of suggested division into two groups (control and morbid 
groups combined). 


perhaps worth noting that the correlation between the angle between first and fifth metatarsals 
and hallux valgus is 0-62, and that this correlation is almost entirely accounted for by the 
first and second intermetatarsal angle. Thus the partial correlation coefficient is only 0-3: 
that is, for a given first-to-second angle the correlation between valgus and the first-to-fifth 
angle is low. The second-to-fifth angle in the morbid group is only 0-3 degrees higher than 
the average value in the control series whereas the first-to-second is 4:5 degrees higher. 
Hence, if “ splay-foot ’’ is equivalent to a radial divergence of the metatarsals, there is no 
significant association of hallux valgus and “ splay-foot.”’ 
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The correlation between hallux valgus and intermetatarsal angle is shown on the 
accompanying correlation diagram (Fig. 25). It can be seen that there appears to be a natural 
division of the observations in the diagram in the region of 25 degrees. Before this point the 
slope is less steep than after it, and the respective correlation coefficients for the two divisions 
are 0-36 and 0-53. There is some agreement here with the theoretical division of the hallux 
valgus measure into “ normal” and “ abnormal’ constituents at 28 degrees of valgus as 
suggested above. It is therefore possible to speak hesitatingly of a “‘ critical angle "’ of hallux 
valgus occurring at approximately 25 degrees, but any attempt to interpret this in terms of 
etiology or pathology is not yet justified. 

An additional confirmation of the constancy of this association is obtained from looking 
at pairs of feet which show a discrepancy in this respect between the two sides; in such cases 
it is found that a high difference in valgus between the two sides is associated with a high 
difference of intermetatarsal angle (correlation coefficient of the two differences, 0-59). 


Angulation of the whole metarsus in relation to the tarsus correlated with hallux 
valgus—A further association immediately suggests itself, namely the relation of 
“‘metatarsus omnis varus’”’ (Fig. 26) and hallux valgus, without a widening of the angle 
between the first and second metatarsals. This measure was 
estimated by observing the angle of the axis of the first 
metatarsal to the transverse tarsal base line described above. 
While it is true that for a given intermetatarsal angle there 
is a correlation between a low angle of metatarsal to base 
and severity of hallux valgus, nevertheless the correlation 
(coefficient, 0-71) between valgus and intermetatarsal angle 
is higher than that between valgus and the angle of 
metatarsal to base (coefficient, 0-61). 


Age correlation—These considerations immediately lead to 
an inquiry after a correlation of the two members of the 
correlation (hallux valgus and intermetatarsal angle) with 
age. If, for instance, hallux valgus were the determining 
factor causing a widening of the intermetatarsal angle, a high 
correlation between this angle and advancing age would be 
expected. The results of these correlations are unfortunately 
equivocal. The correlation of hallux valgus with age is not 
high in the morbid group (correlation coefficient, 0-10); the 
_ . correlation of intermetatarsal angle with age is not significant 
Metatarsus Omnis varus—axis of 
second metatarsal displaced to (correlation coefficient, 0-01). The correlation of general 
indicate that in such a case the significance here would be that between intermetatarsal angle 
angle between the axis of the Vetere ‘ 
first and the base line (X) will and the onset of the deviation of the hallux. All the cases in 
be small, but that the intermeta- the morbid group are, in a sense, in the same stage of the 
tarsal angle will also be small. 
disease (that is, the symptomatic stage) so that the correlation 
with the age of the subject is of only limited significance. 


F:s. 26 


Relative metatarsal protrusion—There is a low correlation (0-16) between relative 
protrusion of the first metatarsal and the severity of hallux valgus. However, for a given 
intermetatarsal angle there is a higher correlation in the valgus (coefficient, 0-33) and for a 
given degree of valgus a negative correlation with intermetatarsal angle which is also significant 
(coefficient, 0-31). Thus, fora high valgus and a low intermetatarsal angle, the first metatarsal 
tends to be greater than the second, while for a low degree of valgus and a high 
intermetatarsal angle the second tends to be the greater. There was no instance of the 
“atavistic foot ’’ with severe valgus, wide intermetatarsal angle and short first metatarsal. 
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OBSERVATIONS ON HALLUX VALGUS 


Sesamoid displacement—There is a high correlation between the degree of sesamoid 
displacement (measured in seven degrees of displacement (Fig. 22)) and the severity of hallux 
valgus. The coefficient is 0-8 (morbid group only). 


Mobility of first tarso-metatarsal joint—There is an association between limitation of 
movement in this joint and hallux valgus. Those feet with limited movement show a mean 
hallux valgus of 24-7 degrees and those with a mobile joint a mean valgus of 21-7 degrees. 
This difference is statistically highly significant. As has been pointed out above the correlation 
of valgus and stiff joint for a given arch height is low. Arch height is the determining factor 
in the correlation. 


Rotation of hallux—tThere is an association between rotation of the hallux and degree of 
valgus; those feet which show rotation have an average valgus of 35-8 degrees, and those 
which do not show rotation an average valgus of 18-5 degrees. This difference is statistically 
very highly significant. 

Age of onset—There is only a barely significant association between the severity of hallux 
valgus and the history of an early onset of symptoms. 


Wearing of high-heeled shoes——There is a significant (X?=—11-08) negative correlation 
between the severity of valgus and the history of having worn high heels. There is a tendency 
for those with severe valgus never to have worn high-heeled shoes. 


SUMMARY AND CONCLUSIONS 


A survey of this type cannot be used to point to any definite factor or factors predisposing 
to the development of hallux valgus. Nevertheless, a comparison of measurements in the 
morbid and control groups shows several outstanding differences: 

1) There was a high degree of correlation between valgus and intermetatarsal angle in the 
two groups combined (coefficient, 0-7) but the correlation was higher in those cases with a 
degree of valgus greater than 25 degrees than in the remainder (coefficients, 0-36 and 0-53). 
2) In the control group the first metatarsal was longer than the second by a mean measure 
of 2 millimetres; in the morbid group by a mean measure of 4 millimetres. For a high degree 
of valgus and a low intermetatarsal angle the first metatarsal tends to be longer than the 
second by a significantly greater amount than when the high valgus is associated with high 
intermetatarsal angle. 

3) In 90 per cent of the control cases there was a lateral displacement of the medial sesamoid 
of the first metatarsal of 3 degrees or less, whereas 88 per cent of the morbid group showed 
a displacement of 4 degrees or more. There was very little overlap in the distributions of 
this observation in the two groups. There was a high correlation between the degree of this 
displacement and the severity of hallux valgus. 

4) Rotation of the hallux was not observed among the controls; in the morbid group those 
cases showing rotation had an average degree of valgus of 36 degrees while the rest had an 
average of 19 degrees. The mean degree of valgus in the morbid group was 32-0 degrees and 
that of the controls 15-5 degrees. The mean angle between the axes of the first and second 
metatarsals was 13-0 degrees in the morbid group and 8-5 degrees in the controls. 

Since the morbid group consisted largely of women (98 per cent) it is important to know 
that in the control group the only measure showing a statistically significant sex difference 
is that of intermetatarsal angle, but that, even so, the mean difference is only 1-3 degrees. 
Thus the sex difference between the two groups is probably only of minor importance. The 
role of age in influencing the observations cannot be clearly elucidated from the data at 
present available. It can only be stated that there is no positive indication that age is a 
controlling factor in the departure observed in the morbid group from the control observations. 
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APPENDIX 
This appendix contains a brief résumé of observations incidental to the hallux valgus survey 

which are either of general interest or give a lead to future lines of inquiry. 
Use of footprints in further surveys—Correlation between hallux valgus as measured on the 
footprint (Fig. 11) and the radiograph (Fig. 13) is high (coefficient, 0-8). Correlation between 
‘‘Angle A”’ (Fig. 11) and intermetatarsal angle is not sufficiently high to be of any practical 
value (coefficient, 0-5) and this is almost entirely due to the correlation with valgus. Correlation 
between pressure distribution under metatarsal heads (Fig. 12) and relative metatarsal protrusion 
is of the following order: 

For feet with maximum pressure under the first metatarsal the first 

metatarsal is longer than the second by 4-2 millimetres (average). 


For feet with maximum pressure not under the first metatarsal the first 
metatarsal is longer than the second by 2°6 millimetres (average). 

The difference is statistically very highly significant. There is no correlation between 

maximum pressure under the second metatarsal in the footprint and a relative protrusion of the 
second metatarsal beyond the first as measured radiographically. 
Occurrence of flattening of the first metatarso-phalangeal joint—An apparent flattening 
of this joint surface at the head of the first metatarsal is strikingly observable in the radiographs and 
is characteristically associated with hallux rigidus. Qbservations of its occurrence were made 
throughout the 450 odd radiographs and compared with the goniometric measurement of the 
total excursion of the great toe and with the clinical observation of limited mobility at the 
metatarso-phalangeal joint. The following observations were made: In those feet in which a clinical 
assessment of limited mobility was made 14 per cent had a flat joint. In those where no such 
assessment was made 1 per cent had a flat joint. Those feet in which a radiological assessment 
of flat joint was made show an average total excursion of the great toe (goniometer) of 64 degrees. 
Those without flat joint show an average total excursion of 87 degrees. 

These differences are statistically very highly significant. This finding is of some interest in 
view of the work of Harris and Joseph (1949) on the metacarpo-phalangeal joint of the thumb, 
where they observed an association between flat joint and limitation of movement. 
Observations on the medial longitudinal arch—The arch height was measured as the vertical 
distance from the lowest point on the head of the talus to a base line joining the lowest points 
of the calcaneum and the sesamoids of the first metatarso-phalangeal joint. In order to relate 
the absolute measurement to the relative size of the foot under consideration, this observation is 
expressed as the per cent arch height/arch length (Fig. 3). If in fact the lowering of an arch also 
induces its lengthening this ratio will tend to lose some of its significance, but it is by no means 
clear that this is the case. 

There is a high correlation between “‘ arch height "’ and the slope of the first metatarsal—that 
is, the angle between a line extending the superior surface of the first metatarsal, as seen in the 
lateral view, and the base line; the correlation coefficient is 0-8; there is thus an association between 
lowering of the head of the talus and lowering of the inclination of (at least) the anterior member 
of the medial longitudinal arch. 

There is a very highly significant correlation between a lowering of the per cent arch height 
arch length ratio and the following clinical assessments: ‘‘ pronation "’ of the foot; subcutaneous 
prominence of head of talus; tilting of the calcaneum as looked at from behind; and there is a 
negative correlation with the appearance of a cavus foot. It therefore appears that it is worth 
using these radiographical measures further in any inquiry into “ flat foot.” 

Age—aAs well as the correlation between hallux valgus and increasing age there is also a positive 
correlation between age and the following clinical assessments: ‘‘ pronation "’; tilt of the caleaneum; 
callosities of the plantar skin; anterior metatarsalgia; ‘‘ overcrowding '’ deformity of the toes; 
hallux rigidus; and a number of other deformities of the foot. It is perhaps worth noting that of 
the total number of subjects in whom multiple ossific centres of the first metatarsal sesamoids 
were observed (thirty-six subjects) only nine were over the age of twenty-five years. In the control 
group there was only one such—a woman aged twenty-seven years. In the morbid group, in every 
one of the eight cases the condition was unilateral. It is therefore possible to suggest that in general 
there is a union of the multiple centres of ossification during the third decade. 

Degree of valgus—Mention has been made of the association of a high degree of hallux valgus 
and various other foot deformities. The following clinical assessments show a statistically very 
highly significant correlation with the severity of hallux valgus: ‘‘ pronation’ of the foot; 
subcutaneous prominence of the head of the talus, plantar callosities; ‘‘ overcrowding " deformity 
of the toes; limitation of mobility in the ‘‘ transverse tarsal joint '’; hammer toe. 


THE JOURNAL OF BONE AND JOINT SURGERY 


= 
390 
q 
q 
be 
a 
| 
Vie 


391 


OBSERVATIONS ON HALLUX VALGUS 


Range of movement of ankle joint—There is no correlation between a low arch height/arch length 
ratio and limitation of extension at the ankle joint (goniometric measurement). (Contrast Harris 
and Beath 1948.) 

Child-bearing— Those women who had borne one or more children showed a statistically significant 
lowering of the arch height/arch length ratio. 

Pain in the foot attributable to the longitudinal arch region—Those who complained of such 
pain had an arch height/arch length ratio of 19-4 per cent, while those who did not complain showed 
a ratio of 20 per cent. This difference is statistically significant. 

Anterior metatarsalgia (in the general sense of localised pain beneath metatarsal heads)—This 
condition showed a low correlation with numerous other departures from ‘‘ normality.’’ The force 
of the isometric contraction of the toe flexors (ergometric measure) in those cases with anterior 
metatarsalgia was 20 Ib. (average). In those without metatarsalgia it was 28 lb. (average). This 
difference is very highly significant. 

Plantar callosities—The average force of isometric contraction of the toe flexors in those with 
plantar callosities was 26} Ib. In those without it was 30 lb. This difference is on the border line 
of statistical significance. 


We wish to thank Professor J. Z. Young for his interest and criticism, and many other members of 
the academic and technical staffs of University College for their help. We have particular obligations to 
the Director and staff of the Institute of Orthopaedics for their patient kindness, particularly to Mr Jackson 
Burrows for the facilities he gave for the investigation of the morbid cases. We are also grateful to the 
many patients and volunteers who provide the substance of the paper. The work has been done with a 
grant from the Shoe and Allied Trades Research Association. 
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THE UNSUITABILITY OF POLYTHENE FOR MOVABLE 
WEIGHT-BEARING PROSTHESES 


Report of a Case of Cup Arthroplasty of the Hip 


P. H. NEwMAN and J. T. ScaLes, Lonpon, ENGLAND 


From the Royal National Orthopaedic Hospital and the Plastic Research Unit 
of the Institute of Orthopaedics, London 


This report deals with the use of polythene in a weight-bearing joint. In the case 
described a cup arthroplasty of the hip was performed. Clinically this was a failure, but it 
demonstrated the unsuitability of the material for any purpose where it is exposed to load 
and abrasive action at the same time. 


CHEMICAL AND PHYSICAL PROPERTIES OF POLYTHENE 

Polythene is a synthetic thermo-plastic material formed by the polymerisation of the 
gas ethylene (C,H,). The polymer produced is a hydro-carbon of high molecular weight, 
belonging to the paraffin series, the carbon chain being 1,000 to 2,000 carbon atoms long. 
It has, therefore, the stability and high resistance to chemical change characteristic of 
ordinary paraffins, but at the same time possesses considerably better mechanical properties. 
Being a hydro-carbon it is insoluble in and not wetted by water or tissue fluids. It absorbs 
water very slightly but even after prolonged immersion gains less than 0-05 per cent in weight. 

Polythene would seem to ‘~: an ideal material for implantation purposes in view of the 
above chemical properties. Animal experiments which we have carried out, and the findings of 
other investigators (Brown eft al. 1947, Ingraham ef al. 1947, Clagett et al. 1948, Donovan 
and Zimmermann 1949, Seybold et al. 1949, Grindlay and Mann 1948, Busch ef al. 1949, 
Condon and Harper 1949, Yeager and Cowley 1948) have encouraged us in this belief. 
Although mechanical properties were known to be short of the ideal, it was believed that 
they would be adequate to meet the demands of a cup arthroplasty of the hip. 

During the first few weeks after such an operation the patient is not allowed to bear 
weight, and it was thought that once the acetabulum had become lined and the femoral 
head covered with fibrous tissue or fibrocartilage, the polythene would not then be exposed 
to the abrasive surfaces. By this time the complementary contours of the femoral head and 
the acetabulum would have been established and the cup would then be evenly supported 
on both sides and bearing only intermittent pressure. It was hoped that the resilience of 
polythene might be an advantage over the rigidity of vitallium; this rigidity has been cited 
(Hernandez-Ros and Codorniu 1949) as a cause of painful hips following vitallium cup 
arthroplasty owing to the concentration of pressure on a small area of bone. Vitallium cups 
are thin in cross section, and the lever of abduction of the hip joint is therefore reduced 
after removal of bone from the acetabulum and head of the femur. The polythene cup was 
thickened at its centre as a means of restoring the mechanical efficiency of the abduction lever. 

Polythene is transparent to X-rays and therefore the condition of the femoral head and 
acetabulum can be studied radiologically at any time—as with the acrylic cups of Harmon 
(1942) and of Hernandez-Ros and Codorniu (1949). 

The cup (Fig. 1) was turned from 3-inch diameter polythene rod, which had been 
specialiy prepared by the manufacturers of the material in order to ensure purity. The cup 
was polished by playing over both surfaces a stream of hot nitrogen issuing from the nozzle 
of a torch at a temperature of 300 degrees centigrade. (Some inert gas must be used for this 
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purpose, for polythene readily oxidises when it is heated above 130 degrees centigrade in air.) 
Sterilization was carried out by boiling for half an hour on three consecutive days. The 
dimensions of the cup were as follows: 
Outside depth . 4-3 centimetres Outside diameter. . 45 centimetres 
Inside depth . : ‘ 3-4 centimetres Inside diameter > . 4-2 centimetres 
Thickness of cup at apex . _—_ 0-9 centimetres Wall thickness of skirt . 0-3 centimetres 
A female reamer suitable for a 2.L Smith-Petersen cup was used to shape the femoral 
head and a male reamer suitable for a 3.M cup for shaping the acetabulum. 


CASE HISTORY 

A patient was selected who needed a bilateral cup arthroplasty of the hips. A vitallium cup 
was inserted on one side and a polythene cup on the other in order to obtain a comparison between 
the two materials. The patient, a woman aged fifty-three years, had for nine years been 
suffering from gradually increasing pain, restriction of movement and instability of both hips. 
She had no fixed deformity in either hip, but movement was more restricted on the right side 
than on the left. Radiographs showed bilateral osteoarthritis with partial subluxation (Fig. 2). 
An arthroplasty of the left side was done, using a vitallium cup. Thirty-five days later an 


Fic. 1 
Vitallium and polythene cups, showing difference in height. 


Fic. 2 
Radiograph showing bilateral osteoarthritis following subluxation. 
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arthroplasty was done on the right side, using a polythene cup. The limb was put on a Thomas's 


splint with 5 Ib. below-knee skin traction. 
complained of a slight ache in the right knee and a vague stiffness in the right hip. 
months the right hip was painful after moderate exercise in bed and there was a tendency to 


The incisions healed satisfactorily, but the patient 
After two 


Fic. 3 Fic. 4 
Right hip with polythene cup in position. Figure 3—Three weeks after 
arthroplasty. Figure 4—Seven weeks after arthroplasty. 


Fic. 5 Fic. 6 Fic. 7 
Right hip. Figure 5—Ten weeks after arthroplasty. Figure 6—Thirteen weeks. Figure 7—Sixteen weeks. 


lateral rotation. Weight-bearing was not allowed until four months after operation, when the 
patient was allowed to get up and bear weight in the swimming pool. 

Figure 3 shows the condition three weeks after operation; the femoral head is smooth in 
outline. In Figure 4, seven weeks after the arthroplasty, the outline of the femoral head is 
becoming irregular and mottled, suggesting bone absorption. Subluxation is occurring. In Figure 
5, ten weeks after operation, subluxation has increased slightly but space, superiorly, due to 
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the interposition of the polythene, is still visible. Figure 6 shows the hip twelve and a half weeks 
after operation. At this time the patient had been bearing weight in the swimming pool for 
approximately one and a half hours a day for nine days. Subluxation has increased further. There 
is no evidence of fusion but there has been further erosion of the femoral head. At this time there 
was increased pain in the right hip, and movements were becoming more restricted. At fifteen 
and a half weeks traction was reapplied and maintained for a further fourteen days. The 
subluxation was reduced but the joint space in the upper part had disappeared and there was 
practically no movement. The radiograph suggested that fusion was occurring and that the cup 
had worn through (Fig. 7). The hip was explored through the old scar. When the joint was opened 
a moderate amount of straw-coloured fluid welled out. The polythene cup was removed and was 


Fic. 10 


Three views of the polythene cup after its removal. Figure 8—Lower surface. Figure 9 
Upper surface. Figure 10—Inside of cup. 


found to be eroded through in the weight-bearing area which, as can be seen from Figures 9 and 10, 
was in the lower part of the skirt of the cup. The acetabulum was lined with yellowish fibrous tissue 
about half a centimetre thick, the head of the femur being covered with a similar but thinner layer. 
A vitallium cup was inserted and the wound closed. The patient has made a satisfactory recovery. 

A section of the material from the acetabulum is seen in Figures 11 and 12. Figure 11 is a 
section viewed by normal transmitted light and it shows that the tissue consists of vascular 
granulation tissue containing many multinucleated foreign-body giant cells and a _ few 
inflammatory cells. The whole tissue, particularly the cytoplasm of the giant cells, is loaded with 
irregularly shaped fragments of the polythene. In Figure 12, which shows the same field under 
polarised light, the particles are very conspicuous because of their effect on the plane of polarised 


light. 
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The same field as that of Figure 11, viewed under polarised light. 
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THE UNSUITABILITY OF POLYTHENE FOR MOVABLE WEIGHT-BEARING PROSTHESES 397 


DISCUSSION 

This case demonstrates that polythene, if used in a situation in which it is subjected 
to abrasion, will abrade; and that the particles so formed will stimulate a marked 
foreign body reaction, with giant-cell formation and fibrosis. From the literature and our 
own work on tissue reactions to polythene, it had been thought that this material was inert 
when placed in the body. Figure 13 shows the result of the implantation of a piece of 
polythene into the anterior abdominal wall of a guinea-pig. This material had been buried 
for seventy-two days. No foreign body giant cells are present and the fibrous tissue reaction is 
minimal. Although polythene is chemically inert, it appears, therefore, that the size and 
shape of the particles and the mechanical conditions in the tissues surrounding them play 
an important part in the production of tissue reactions. This case seems to support the views 


Fic. 13 
Tissue reaction surrounding piece of half-round polythene approximately 0-2 inch x 0-1 inch which had 
been implanted for seventy-two days. Note minimal tissue reaction. G.P. 12-5 ( x 90). 


of Le Veen and Barberio (1949), who stated that attention should be paid not only to the 
chemical properties of the foreign substances implanted, but also to its physical characteristics . 
For example, ferrous screws and plates were often used before the days of vitallium and there 
was often trouble from the galvanic effects that occurred when they were implanted in the 
body. With polythene galvanic effects do not play any part. The surface charge of foreign 
materials is also important, as well as the wettability of the material. Gortner and Briggs 
(1928) showed that there was a high electro-negative charge on the surface of glass in contact 
with water. When the glass was coated with paraffin, which cannot be wetted by water, 
the surface charge was zero. They postulated that the absorption of positively charged 
colloids in serum might explain the decreased clotting time in glass vessels as compared with 
paraftin-coated vessels. The surface charge of polythene, which—like paraffin—cannot be 
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wetted by water, is zero, and there is no absorption of colloids. It appears, therefore, that 
we are left with the size and shape of the particle as the cause of tissue reaction. The size 
of the polythene particles seen in the giant cells was less than 0-002 inches; larger particles 
did not appear to be ingested, but were encapsulated. 


SUMMARY 
In addition to its orthopaedic interest, this case illustrates the special behaviour of fine 
particles of a synthetic material when implanted in the human body. These results may 
interest those engaged in the control of dusts in the plastics industry, for the inhalation of 
such dusts may well result in ‘ implantation ” of the material in the lung, with consequent 


histological changes. 


We wish to thank Dr H. A. Sissons of the Institute of Orthopaedics for his advice, Mr T. Fisher for his part 
in turning and polishing the cup, Mr S. Holt of Imperial Chemical Industries (Plastics Division) Ltd., who 
kindly made available the polythene for this work, and Mr R. J. W. Whitley for his photography. 
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TWO CURVE PATTERNS IN IDIOPATHIC STRUCTURAL SCOLIOSIS * 


J. I. P. James, Lonpon, ENGLAND 


From the Institute of Orthopaedics, Royal National Orthopaedic Hospital 


In the last twenty years great changes have taken place in our views on scoliosis— 
especially as to treatment—because of the work of American surgeons, notably Risser and 
Ferguson (1936), Risser (1948), Von Lackum (1948) and Cobb (1948). There is now good 
evidence that conservative treatment never improves an idiopathic curve. There is indeed little 
evidence that it diminishes or prevents deterioration. Is it not possible that what we see as 
we observe these children is the natural history of the disease unfolding as growth occurs and 
probably uninfluenced by our treatment ? Of 353 patients seen at the scoliosis clinic at the 
Royal National Orthopaedic Hospital and treated by many surgeons and by a wide variety 
of methods none has ever shown radiographic evidence of improvement, with the exception 
of a few cases to be detailed later. 

If correction and fusion be the only effective treatment, the natural history of the various 
types of this disease is of great importance because correction is easier early rather than late, 
and knowledge of the prognosis is of great importance when operation is contemplated. Since 
only 5-10 per cent of idiopathic curves become severe enough to require correction and fusion, 
it is of the greatest value to know which they are at an early stage. It would be important 
if it only enabled us to avoid the usual over-treatment of the remaining 90-95 per cent of : 
patients in whom the prognosis is good. There are many patients at present wearing 
unnecessary supports and losing time at school at a critical age to attend for exercises, yet 
their curve pattern is such that a benign course is assured. Moreover the patients in whom 
correction and fusion are undertaken late involve much hard work with little reward, because 
the spine is too severely deformed and too rigid for more than a very incomplete correction. 
In idiopathic scoliosis the two chief factors that influence the prognosis seem to be the age 
of onset, and more important, the pattern of the curve. Ponseti and Friedman (1950) have 
recently published a most valuable article on curve patterns in scoliosis ; the patterns discussed 
had been recognised previously but their significance has been fully assessed for the first time 
by these authors. The present paper deals with the prognosis of two distinct curve patterns, 
infantile idiopathic scoliosis and primary lumbar idiopathic scoliosis. 


INFANTILE IDIOPATHIC SCOLIOSIS 


This curve pattern is termed “ idiopathic ’’ because no cause for the scoliosis has been 


o found in the thirty-three cases studied. The writer wishes to stress that this should be 
bi considered a preliminary report with regard to this curve pattern. 


The typical case may be described as follows. The patient is usually a boy and the 
scoliosis is noticed in the first year of life because of the backward projection of the ribs on 
the left side. On examination there is found a structural curve in the mid- or lower thoracic 
region with compensatory curves above and below. Rotation is very marked clinically and 
radiographically. As the child grows there will probably be deterioration, sometimes to the 
extent of very gross deformity. The patient is likely to be undersized, and if the scoliosis 
becomes severe he may be a dwarf in limbs as well as spine. 

Analysis of the group of thirty-three patients shows that there were twenty-one boys 
and twelve girls. The major curve was to the left in twenty-nine and to the right in four. 


* Paper read at the Annual Meeting of the British Orthopaedic Association in London, October 1950. 
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It usually developed a few months after birth and only in two cases was it first noticed after 
two years (Fig. 1); in both of them it is possible that the curve, although unnoticed, started 
earlier. The writer considers three years as the latest time of onset of infantile idiopathic 
curves; after this other curve patterns are seen. 


: 


1234567 89 14 
MONTHS 


2253 
YEARS 


AGE 


Fic. 1 


Age at onset in thirty-three cases of infantile idiopathic scoliosis. 


The curve pattern is remarkable for its regularity. In thirty-two of the thirty-three 
cases it has been a triple curve with the major curve always in the thoracic region (Figs. 2 
to 6), but it differs from the adolescent type not only in its age of onset but in being more 
frequent in boys than in girls, whereas the adolescent curve is nine times more common in 
girls. Its other characteristic is that the major curve is usually to the left—a feature as 
marked as the preponderance of right-sided curves in the adolescent pattern. Whereas there 
are several other patterns of curve in idiopathic scoliosis of later onset, in infants only this 
one pattern has been seen. 


TABLE I 


APEX OF CURVE IN THIRTY-THREE CASES OF INFANTILE 
IDIOPATHIC SCOLIOSIS 


Thoracic 7 1 case 


Thoracic 7and8 1 case 


Thoracic 8 4 cases 


Thoracic 


Thoracic 


Thoracic 


10 
11 


Il and 12 


1 case 
3 cases 


1 case 


Thoracic 8 and 9 5 cases } 
| Thoracic 9 
Thoracic 9 12 cases involved in 
f 22 cases 
Thoracic 9 and 10 5 cases } 


more variable (Table II). 


The major curve is situated in the middle and lower thoracic regions; the apical vertebra 
is most commonly the ninth thoracic (Table I). The number of vertebrae involved is slightly 
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TWO CURVE PATTERNS IN IDIOPATHIC STRUCTURAL SCOLIOSIS 


Fic. 2 Fic. 3 
Figure 2—A boy aged eleven months who had a left major curve of 30 degrees. At the age 
of two and a half years the curve had increased to 67 degrees (Fig. 3). 


Fic. 4 Fic. 5 Fic. 6 


Figure 4—A boy at the age of two years with a 32 degrees major curve. At the age of eight this had 
increased to 60 degrees (Fig. 5). Note the left curve, the absence of congenital changes and the marked 
rotation. The photograph (Fig. 6) shows the patient at the age of eight years. 
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Prognosis—In four cases the curve has disappeared; in none of these was it severe—the 
worst was 20 degrees and in all it had disappeared before the age of two years. Eleven curves 
have remained stationary during the period of observation, but only three of these have been 
watched for more than two years—the longest for five years (Figs. 7 and 8)—and it is to be 
doubted whether they will all remain stationary. With these possible exceptions the patients 
tend to become worse, though by no means always to a serious degree (Figs. 2 to 6 and 9 to 11). 
Of thirty-three patients, twelve have so far attained a major curve exceeding 50 degrees, the 
worst being 155 degrees supine; it is certain that more will do so as they grow. In general, 
the increase of curve has been steady and progressive (Table III). It may be that in this 
series several adult cases seemingly typical have been excluded unnecessarily. Early films 
were not available and congenital scoliosis cannot now be excluded. 


TABLE II 


IN THIRTY-THREE CASES OF INFANTILE 
IDIOPATHIC SCOLIOSIS 


EXTENT OF CURVE 


Lower level 


T.10 


Upper level 


TABLE III 


PROGRESSIVE INCREASE OF MAjJoR CURVE DuRING GROWTH IN A TYPICAL 
CASE OF INFANTILE SCOLIOSIS 


Age in years . ; 1 2 3 5 6 7 8 11 


Degrees of curvature 30 | 39, 59 | 61 76 | 82 | 101 | 127 


Treatment—Most of these patients have had exercises, plaster-of-Paris beds, and supports, 
but have not improved. Two patients are at present undergoing correction in preparation 
for fusion. In three cases the compensatory curves are already so rigid as to render correction 
impossible. 


Etiology—aAll patients with congenital changes in the vertebrae have been excluded. Two 
patients are mentally retarded; two have congenital heart disease; and one has paraplegia, 
probably secondary to the scoliosis. 

There is little detailed reference in the literature to scoliosis in infants. Harrenstein’s 
(1936) report of forty-six cases of scoliosis in infants discusses the same problem but there 
are several important differences. In twenty-nine cases he considered rickets to be the cause; 
they were curvatures occurring in the second year of life. No example of rickets was seen 
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TWO CURVE PATTERNS IN IDIOPATHIC STRUCTURAL SCOLIOSIS 


Fic. 8 
Figure 7—Twenty-eight degrees curve in a boy aged two years. At the age of 
seven this was still only 30 degrees (Fig. 8). This favourable course is unusual. 


Fic. 9 Fic. 10 Fic. 1! 
Figure 9—A boy with a left curve of 48 degrees at ten months. Figure 10—At the age of fourteen years 
he has a curve of 155 degrees supine despite much conservative treatment. Figure 11 is a photograph of 
the same boy. The major and compensatory curves are too rigid for correction. 
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in this series. Harrenstein noted a preponderance in girls. Further, he claimed good results from 
corrective plasters in a group of cases with a single curve and rotation. With the possible 
exception of two of the patients who underwent spontaneous correction no such cases have 
been seen in this series. All our remaining patients had three curves and rotation. Several 
patients were seen with single curves but without rotation; these were regarded as postural 
and have been excluded from the series. It is difficult, however, to compare the two groups 
because serial radiographs are not available in Harrenstein’s report and some of the illustrations 
are difficult to interpret. Ponseti and Friedman (1950) did not discuss this pattern. 


PRIMARY LUMBAR IDIOPATHIC SCOLIOSIS 


In America it has been recognised for some years that idiopathic structural scoliosis 
with a major curve in the lumbar region has a benign course. Seldom if ever does it require 


TABLE IV TABLE V 
AGE AT ONSET OF PAIN IN THIRTY-THREE CASES ANALYSIS OF MajoR CURVE IN THIRTY-THREE 
OF PRIMARY LUMBAR IDIOPATHIC SCOLIOSIS Cases OF LUMBAR SCOLIOSIS 


onset of pain Number of cases Apical vertebra Number of cases 
(vears) 
T.12 1 
10-19 1 
T.12 and L.1 3) 
20-29 8 
4 L.1 8 
30-39 12 | L.l and L.2 
: L.1 and L.2 5 }involved in 
40-49 5 | 31 cases 
L.2 12 | 
4 50-5) 7 
} L.2 and L.3 3 
Females 2); males 4 
Youngest 17 years; oldest 57 years L.3 and L.4 1 
Right curves 18; left curves 15 
4 EXTENT OF MAJOR CURVE IN THIRTY-THREE 
i Cases OF LUMBAR SCOLIOSIS 


Level Number of cases TABLE VII 
a : a SEVERITY OF CURVE IN THIRTY-THREE CASES 
oF LUMBAR SCOLIOSIS 


T.9 to L.2 2 


T.10 to L.3 


Greatest major curvature 80° supine 


T.11 to L.3 


Average major curvature 41° supine 


T.12 to L.3 


ion: 1 
3 Rotation: moderate 


7 cases 


-Vvere 99 
LI wLs 3 severe . 22 cases 


1 very severe 4 cases 


correction and fusion and even in its severest forms it is not very ugly. Figures 12 and 13 
illustrate the typical pattern. A feature of this type of scoliosis to which reference has not 
been found in the literature is that it frequently becomes painful. Of 353 patients with all 
types of scoliosis, sixty-nine complained of some pain; in fifty-nine of these the scoliosis was 
idiopathic. And of those patients with painful scoliosis no less than thirty-three had the 
primary curve in the lumbar region, and yet it is an unusual pattern, accounting for only 
23-6 per cent of idiopathic scoliosis (Ponseti and Friedman 1950). All cases in which the 
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TWO CURVE PATTERNS IN IDIOPATHIC STRUCTURAL SCOLIOSIS 


Fic. 12 Fic. 13 
Figure 12—Radiograph of a girl aged seventeen years wit! a typical lumbar scoliosis. 
Figure 13—The photograph shows minimal deformity; the appearance is not very 
much worse even when the curvature is severe. 


Fic. 14 
A woman aged fifty years who complained of backache. The radiograph (Fig. 14) 
shows a 70 degrees lumbar curve; there is marked osteoarthritis of the posterior 
joints. The photograph (Fig. 15) shows only slight deformity but illustrates the 
characteristic rigid back when osteoarthritis has supervened. 
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pain was severe were of this type. Pain usually becomes noticeable towards middle age 
(Table IV). It is an aching pain localised over the area of rotated vertebrae in the lumbar 
region. In seven cases the pain radiated to the legs, but straight leg raising was normal and 
peripheral nerve changes absent. Radiographs show a curve with the apex at L.1 or 2 and 
marked osteoarthritis of the posterior intervertebral joints, which are presumably the seat of 
the pain (Figs. 14 and 15). Movement was limited in all except five patients. The curve was 
to the right in eighteen patients, to the left in fifteen (Table V). It consisted of a short major 
lumbar curve with a small compensatory curve usually at L.4 and L.5, and a J-shaped 
compensatory curve above (Tables VI and VII). 

Osteoarthritis was evident on radiographic examination in twenty-six cases out of 
thirty-three and disc degeneration in seventeen. Occasionally, because of the extreme rotation 
at the junction of the middle and lower curves, there was an apparent “ shift.’’ 


Treatment—Corsets have usually relieved the pain; so far only one patient has required 
fusion. 


Comment— It is interesting that in the quadruple pattern of scoliosis, with two major curves, 
the lower being lumbar, pain has been noticed a few times in the lower curve. Moreover, 
painful osteoarthritis has been observed in patients with primary thoraco-lumbar curves. 
Two patients with congenital scoliosis, with a pattern similar to these lumbar curves, have 
attended because of pain. It seems therefore that when the primary curve is in the lumbar 
region there is a particular liability to pain from secondary osteoarthritis. 


SUMMARY 

Infantile idiopathic scoliosis is a structural scoliosis seen in infants, usually boys, with 
the major curve to the left in almost all cases, and almost invariably in the mid- or lower 
thoracic region. It occasionally disappears, but in general the curve tends to increase. In 
the absence of any discoverable etiology it is termed “ idiopathic ’’ and it is believed not to 
differ in essentials from the more common adolescent scoliosis. 

Lumbar idiopathic scoliosis has a good prognosis as to deformity, but leads more often 
than any other curvature to degenerative arthritis and pain in later life. 


I wish to acknowledge the help I have received from members of the staff of the Royal National Orthopaedic 
Hospital who have referred cases to the scoliosis clinic. I am also grateful to many surgeons from other 
hospitals who have generously referred cases, and to Mr Eric Lloyd for allowing me to see radiographs of 
some of his cases. Finally I would like to thank Dr John Cobb, of the Hospital for Special Surgery, New 
York, for stimulating my interest in scoliosis: he is a skilful teacher and an enthusiast. 


REFERENCES 


Coss, J. R. (1948): Outline for the Study of Scoliosis. 
Instructional Course Lectures, 5, 261. 

HARRENSTEIN, R. J. (1936): Sur la scoliose des nourrissons et des jeunes enfants. Revue d’Orthopédie, 
23, 289. 

Hisss, R. A., Risser, J. C., and FerGcuson, A. B. (1931): Scoliosis Treated by the Fusion Operation; 
an end-result study of three hundred and sixty cases. Journal of Bone and Joint Surgery, 13, 91. 
Lackum, W. H. von (1948): The Surgical Treatment of Scoliosis. American Academy of Orthopaedic 
Surgeons, Instructional Course Lectures, 5, 226. 

Ponsetl, I. V., and FriepMan, B. (1950): Prognosis in Idiopathic Scoliosis. Journal of Bone and Joint 
Surgery, 32—A, 381. 

Risser, J. C. (1948): Important Practical Facts in the Treatment of Scoliosis. American Academy of 
Orthopaedic Surgeons. Instructional Course Lectures, 5, 248. 

Risser, J. C., and Fercuson, A. B. (1936): Scoliosis: its Prognosis. Journal of Bone and Joint Surgery, 
18, 667. 


American Academy of Orthopaedic Surgeons. 


THE JOURNAL OF BONE AND JOINT SURGERY 


| 
| 
| 
| 
a 
| 

7 
¥ 

i 
4 

q 
| 


ALKAPTONURIC ARTHRITIS 


Report of a Case 


SIDNEY SACKS, JOHANNESBURG, SOUTH AFRICA 


From the Johannesburg General Hospital 


Alkaptonuria is a rare disease characterised by the appearance of alkapton (homogentisic 
acid) in the urine. It is said to be due to an “ inborn error of metabolism "’ of certain amino 
acids, namely, tyrosin and phenylalanine (Garrod 1923). About 160 cases have been reported 
in the literature, the approximate incidence being one in ten million of population. Apart 
from the changes in the urine the condition does not usually give rise to any symptoms of 
clinical significance. However, in about 50 per cent of the reported cases these urinary 
changes have been accompanied by ochronosis and degenerative arthritis (Eisenberg 1950). 
A further case of alkaptonuria is reported here, not only on account of its rarity, but 
because it displays so typically and vividly the picturesque triad of alkaptonuria, ochronosis 
and degenerative arthritis. It is the first case to be reported from Africa. 


ALKAPTONURIA 


According to Garrod (1923) cases of undoubted alkaptonuria were recorded as far back 
as 1584, but the first accurate description is attributed to Boedeker in 1859. He had discovered 
in the urine of a patient with glycosuria a second reducing substance which he called alkapton, 
because the urine turned black when alkalis were added to it. In 1891 Wolkow and Baumann 
isolated this substance and identified it as homogentisic acid. 

Garrod (1923) has called alkaptonuria an “ inborn error of metabolism ”’ and has classified 
it together with other inborn errors of metabolism such as albinism, cystinuria and pentosuria. 
It is characterised by the presence of homogentisic acid in the urine and is inherited as a 
Mendelian recessive character due to a defect in a single gene. This is a fact of great scientific 
interest and is the best known example of a metabolic defect behaving in accordance with 
Mendelian law (Hogben et al. 1932). The condition is found more frequently in males than 
in females in the proportion of approximately two to one. In 42 per cent of cases reported, 
there has been a history of consanguineous marriages, particularly of first cousins. 

Alkaptonuria is present from birth and persists throughout life. It may be suspected in 
infancy because of the blackening of the urine and staining of diapers or clothing. It may 
also be present unrecognised until later in life when ochronosis or arthritis occurs. The urine 
may be normal in colour when passed but turns slate-coloured, brown and finally black on 
standing. The colour change is first seen on the surface of the urine from oxidation and may 
be hastened by heating or the addition of an alkali. Copper solutions such as Benedict's or 
Fehling’s are reduced. An erroneous diagnosis of diabetes is therefore sometimes made. 
However, there is no reaction to fermentation tests because the reducing substance is not a 
sugar but an aromatic acid. The plane of polarised light is not rotated. Silver lactate and 
silver nitrate solutions are reduced in the cold. A very characteristic reaction is produced by 
the addition of one drop of a dilute solution of ferric chloride. A transitory bluish green 
colouration is produced. Millon’s reagent produces a yellow precipitate. All these tests 
signify the presence of homogentisic acid in the urine. This is an intermediate product of 
metabolism brought about by the incomplete oxidation of certain amino acids, namely 
tyrosine and phenylalanine. Gross (1914) considered that this incomplete oxidation was due 
to the deficiency of a specific enzyme. The final benzene ring of these amino acids thus 
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cannot be split, so that homogentisic acid circulates in the blood stream and is excreted 
in the urine. It is also excreted by the sweat glands, and clothing coming into contact 
with the axillary perspiration may be stained black (chromidrosis). The blood Wassermann 
reaction is sometimes positive. 

OCHRONOSIS 

Ochronosis was first described and so named by Virchow in 1866 as a post-mortem 
finding in a case of which the clinical features were not accurately described. He observed 
pigmentation of certain tissues in the body with granules which appeared ochre in colour 
under the microscope, hence the name ochronosis. Albrecht (1902) was the first to suggest 
that alkaptonuria was the cause of ochronosis, and Osler in 1904 described the surface 
pigmentation of ochronosis in three elderly men who had alkaptonuria. 

Most of the recorded cases of ochronosis occurring together with alkaptonuria have been 
in patients over the age of forty years. Poulsen’s patient (quoted by Garrod 1923) with 
ochronosis occurring at the age of twenty-three years is the youngest recorded. The 
pigmentation has been found in cartilage, tendons, fatty tissue, endocardium, intima of large 
vessels, kidneys, tonsils, lungs and thyroid. Garrod has described a butterfly-shaped area of 
pigmentation on the face. The cartilages of the ears are pigmented at an early stage and 
appear as a slate-grey discolouration first seen in the concha and anti-helix of the ear, and 
later in the tragus and anti-tragus. The auricles often feel rigid to palpation and may appear 
nodular. Another early sign is the appearance of brown patches in the sclera, usually triangular 
in shape with their bases towards the cornea. The nasal cartilages may be stained blue, and 
a blue tint of the knuckles and hypothenar eminence may appear at a later stage. This 
accumulation of pigment in the tissues is a very gradual process requiring many years before 
it becomes prominent and recognisable. 

It is of interest to recall that there are other conditions besides alkaptonuria which can 
produce ochronosis. Oppenheimer and Kline (1922) classified the causes of ochronosis as 
follows: 1) Ochronosis associated with the excretion of homogentisic acid in the urine 
(alkaptonuria) ; 2) Ochronosis associated with the excretion ia the urine of melanin (melanuria). 
3) Ochronosis associated with the external use of phenol (carboluria). In all these conditions 
there are present in the circulation minute quantities of aromatic compounds which are not 
normally present. Garrod suggested that in the tissues in which the pigment is deposited 
these aromatic compounds are acted upon by an enzyme such as tyrosinase and a pigment 
is thus precipitated. It seems that the exact mode of deposition of these pigments is not 
quite clear, and this aspect calls for further investigation and study. 


ALKAPTONURIC ARTHRITIS 


Gross and Allard (1908) were the first to lay stress on the association of osteoarthritic 
lesions with alkaptonuria. Umber and Burger (1913) described a family of eight children of 
an alkaptonuric father. Four of these children had alkaptonuria and suffered severely from 
articular lesions. The other non-alkaptonuric members of the family did not develop arthritis. 
According to Garrod one should not be tempted to regard ochronosis of the articular cartilage 
as the starting point of the arthritis in every case, because the cartilages of affected joints 
have in some cases shown comparatively little staining. Moreover Jankte (quoted by Garrod 
1923) has shown that intense blackening of articular cartilage can occur without other articular 
pathology. 

The pathological process in the affected joints associated with alkaptonuria has been 
described by Hertzberg (1945) as follows: ‘‘ The ochronotic pigment is deposited in the 
articular cartilage, especially in old cartilage with poor metabolism. This becomes black, 
loses elasticity, becomes brittle and shows little resistance to mechanical strain. The 
cartilage cracks easily and small black fragments may be wrenched off into the joint where 
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they soon become attached to synovial membrane, gradually becoming firmly affixed to this 
and embedded. Mechanical strain leads to changes in articular surfaces with sclerosis, and 
in other parts with formation of cysts and small infractions. The subchondral bone marrow 
is irritated, proliferates and grows into the diseased cartilage. Marginal exostoses are formed. 
Pigmented cartilage is reported to be able to become forced up into the marrow cavity, being 
surrounded there by growing granulation tissue (Kleinschmidt 1922). The cartilage may 
disappear, leading to bony ankylosis. Several investigators have also reported the presence 
of osteoporosis in this disease. The pigment is deposited much less in the osseous system 
than in the cartilage. A lacunar resorption occurs and these patients are frequently subject 
to fractures as a result of minor injuries. The morbid processes greatly resemble those 
observed in ordinary deforming osteoarthrosis.”’ 

Osler (1904) described the peculiar stance and gait caused by involvement of the joints 
of the lower limbs and spine in his patients with ochronosis. Soderbergh (1915) described 
the changes in the vertebral columns of four patients. There were rigidity and kyphosis of 
the spine as in spondylitis deformans. Alternating areas of osteoporosis and osteosclerosis 
were noticed and he proposed the name “ osteitis deformans alkaptonurica.”’ 

Pomeranz, Friedman and Tunick (1941) in their description of alkaptonuric arthritis 
stated that “ the patients assume the posture reminiscent of Paget’s disease. The intervertebral 
discs appear as elliptical opaque wafers in all of the intervertebral joints, and are most clearly 
seen in the lumbar areas. It is probable that the density of the intervertebral discs is due to 
secondary calcification following degeneration of the cartilage, resulting from the deposition 
of homogentisic acid.” 

All these descriptions of alkaptonuric arthritis suggest that there is some metabolic 
injury to the articular cartilage resulting in gross degenerative osteoarthritis. The onset of 
arthritic symptoms is rare before the age of forty years, and by that time the process is 
usually well advanced. The radiographic appearances of the spinal column differ from those 
in other types of degenerative osteoarthritis in that almost all the intervertebral discs 
appear to be calcified and show up as dense wafers between the vertebral bodies. Several 
patients with alkaptonuria have presented themselves with the earliest symptoms 
resembling those of a prolapsed disc (Eisenberg 1950). The gross destructive changes in a 
non-weight-bearing joint such as the shoulder joint seem to resemble only one other 
condition, namely a neuropathic arthritis. 


TREATMENT 

With regard to the treatment of alkaptonuria, ochronosis and arthritis very little can 
be done for the patient. Treatment is symptomatic. Diets high in vitamin C (Mosonyi 
1939) and low in tyrosine and phenylalanine have been tried, and have to some extent 
lowered the quantity of homogentisic acid excreted in the urine. A similar reduction has 
been obtained by the parenteral use of liver (Klein and Bloch 1936), but with no decrease 
in pigment deposition or joint destruction. In the case to be described, intramuscular 
injections of desoxycorticosterone acetate and vitamin C have been employed but without 
any significant success. Neither has the exhibition of colchicine been of any value. 


CASE REPORT 
A white male aged sixty-six years, a building contractor, presented himself for examination 
in July 1950. He complained of pains in the knees, hips, elbows and back. 
History—About eleven years previously he was involved in a road accident and he alleged 
that his right hip was dislocated. The dislocation was reduced at home by his doctor, and 
after three weeks he was walking. A few months later he began to experience pain in the 
right hip but he continued to get about. The pain was worse in the morning but after walking 
a little it lessened. Three years later he noticed that his left leg was becoming shorter and 
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he raised the heel of the left shoe. Thereafter he began to limp badly and at first managed 
to get around with sticks but later he resorted to crutches. He did not seek the advice of a 
doctor at this stage. During the next six years his knees and shoulders gradually became 


Fic. 
Figure 1—The eyes show patches of pigmentation in the sclera. 
Figure 2—The ear is nodular and rigid and the auricular cartilage is pigmented a slate-grey colour. 


Fic. 3 Fic. 4 
Figure 3—Bluish-black pigmentation of ulnar sides of fourth and fifth fingers. 


Figure 4—To show the transient appearance of a blue discolouration in the urine when a drop of dilute 
ferric chloride solution is added. 


stiff and painful, and for the past four years the elbows had been similarly affected. All 
these joints seemed to creak. He eventually reported to the Johannesburg General Hospital 
in February 1947 and was treated as an in-patient in a medical ward for ‘‘ osteoarthritis and 
The hospital records of that date reveal that he was extensively 


rheumatoid arthritis.’’ 
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investigated. The urine and blood were examined and all his joints were radiographed. 
Mention was made of some pigmentation of both arms below the elbows but there was no 
record of the urine having been examined for alkapton, and the true nature of the condition 
was therefore not diagnosed. He was eventually discharged from hospital without significant 
improvement about three weeks later. He was readmitted in November 1948 with acute 
retention of urine. He then gave a history of increased frequency of micturition during the 
previous five years, accompanied by straining and dysuria. A suprapubic resection of the 
middle lobe of the prostate was performed together with the removal of prostatic calculi. No 
mention was made in the notes of the presence of any colour changes or alkapton in the urine. 
He made an uninterrupted recovery. He stated that before this operation his undergarments 
used to be stained black by the dribbling of urine, but after the operation this ceased. As 
long as he could remember his axillary perspiration had always stained his shirts a brownish 
colour. For the past ten years he had noticed little bluish-black spots on his fingers and hands, 
and attributed these to the fact that he did a lot of gardening and often pricked his fingers 
with the thorns of a weed commonly known as “ black-jack.’’ On several occasions he removed 
some of these “ thorns ’’ from his fingers with the point of a knife but they seemed to recur. 
He was unable to do much work but managed to get around with the aid of crutches and was 
able to drive his own car. There was a history of malaria in 1910, and pneumonia in 1927. 
Family history—His father and mother were not related as far as he could ascertain. His 
father died of old age and his mother died of pneumonia. He had five brothers of whom 
four were alive; and four sisters of whom two were alive. His first wife died in childbirth. 
He had six children by his second wife. They were all alive. Of his four daughters, two were 
twins. Two of his sisters each produced male twins. None of his children darkened the diapers 
with their urine as infants. The urine of his eldest son and that of one of his twin daughters 
was recently tested and found negative for alkapton. 

Examination—The patient was stocky, obese, ruddy-complexioned, and of a jovial 
disposition despite his severe arthritic disabilities. He walked with the aid of axillary crutches, 
taking weight lightly on his everted feet and swinging along with a tripod gait. His weight 
was 180 lb. Eyes—There were two oval patches of brownish-black pigmentation in each eye, 
situated in the sclera medial and lateral to the cornea, and about two millimetres away from 
the corneal margins (Fig. 1). Ears—Both ears felt rigid to palpation with a slight nodularity. 
There was slate-grey pigmentation of the concha and anti-helix. This pigmentation was seen 
more readily and thrown into relief when a torchlight was held behind the auricles (Fig. 2). 
Face—There was a bluish pigmented nodule in the midline of the forehead. Hands—There 
were bluish-black pigmented spots and nodules on the ulnar borders of both hands and along 
the ulnar borders of the third, fourth and fifth fingers (Fig. 3). These were not tender to 
pressure. The nails were not pigmented. There was no swelling or limitation of movement 
of the wrists or fingers. Hip joints—These were held in lateral rotation and slight adduction. 
All passive movements were remarkably free, but painful at their extremes. Active movements 
were all limited by about 75 per cent. Aynee joints—There was swelling of both knees with 
synovial and capsular thickening and mild effusion. There was gross crepitus and some 
fixation of the patellae. No ligamentous laxity was present. Palpable marginal and patellar 
osteophytes were present and there was tenderness over the articular margins. The joints 
did not feel warm. Flexion was limited to 50 degrees and extension was 15 degrees short of 
full. Ankle and foot joints—These joints were slightly stiff but not thickened or painful. 
Shoulder joints—All movements were markedly limited and painful. Abduction to about 
30 degrees was possible actively and there was about 5 degrees of lateral and medial 
rotation. Passive movements caused crepitus and pain. E/bows—These joints were not very 
painful. Extension was about 30 degrees short of full in each joint. Flexion was possible to 
a right angle in the left elbow and to 110 degrees in the right elbow. Rotation was 50 per 
cent of full. 
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Fic. 5 
Radiograph showing osteoarthritis of right hip and old ununited fracture of left femoral neck. 


Fic. 6 Fic. 7 
Left knee showing gross osteoarthritic Left shoulder. The right shoulder showed 
changes. similar changes. 
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Fic. 8 
Lower thoracic spine showing typical appearance of alkaptonuric 
arthritis with wafer-like calcification of the intervertebral discs, and 
marginal osteophytes. 
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Spine—There was no gross deformity of the spine except for a smooth generalised kyphosis. 
All lumbar and dorsal movements appeared to be completely absent, and in the cervical 
region movements were limited about 50 per cent in all directions. The chest, abdomen, 
cardiovascular and central nervous systems were free from any gross organic disease. 
Special investigations— Radiographs of the joints showed evidence of extensive degenerative 
osteoarthritis in the hips, knees, shoulders, elbows and spine (Figs. 5 to 8). There was an 
old ununited fracture of the left femoral neck (Fig. 5). The spine showed the typical picture 
of alkaptonuric osteoarthritis, with the wafer-like calcification of the intervertebral discs and 
marginal osteophytes (Fig. 8). This appearance was present in the entire spine from the 
cervical to lower lumbar region. 

Urine—This was normal in colour when passed. On standing, the urine gradually assumed a 
slate-grey hue after twenty-four hours; discolouration began first on the surface and then 
extended throughout the specimen. Alkapton was present and all the tests previously 
mentioned were positive. The transient appearance of a blue colour on adding a drop of 
dilute ferric chloride was photographed and is shown in Figure 4. There was no significant 
microscopic pathology in the urine and chromatographic analysis showed no excess of 
amino acids. 

Blood examination—Apart from a white cell count of 11,000 per cubic millimetre and a 
sedimentation rate of twenty-two millimetres in the first hour, there were no abnormal 
findings. The Wassermann reaction was negative. 


I am indebted to the patient for his genial fortitude; to Dr K. Mills, Superintendent of the Johannesburg 
General Hospital for permission to publish this case; to Mr J. M. Edelstein, Head of the Orthopaedic 
Department, for his kind co-operation ; and to Dr S. Komins and Miss Tomkins of the radiological department 
for their assistance. Mr Maxwell Deitch took the colour photographs. 
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A METHOD OF CORRECTING METATARSUS PRIMUS VARUS 
Preliminary Report 


V. H. Lonpon, ENGLAND 


Hallux valgus and its complications are responsible for a great amount of pain and 
disability. The precursor of hallux valgus in many cases is a varus deformity of the first 
metatarsal. The deformity is common in girls and is often hereditary. Several operations 
have been devised for the correction of metatarsus primus varus, most of them involving 
some form of osteotomy. These procedures are unsatisfactory for several reasons: 1) the 
operation is usually carried out on a symptomless foot; 2) it requires a major operation and 
plaster fixation causing prolonged incapacity; 3) the immediate correction is not always 
satisfactory ; 4) the deformity may recur and some stiffness of the foot may persist; 5) parents 
are often reluctant to allow such operations on children in the absence of symptoms. If it 
were possible to correct this deformity effectively by a minor operation involving minimal 
disability and without impairing mobility of the foot or patient, it would be of much wider use. 

Prevention of growth on the lateral side of the basal epiphysial disc of the first metatarsal 
produces a slow correction of the deformity during growth. An attempt has been made to 
achieve this by the use of small staples, after the manner of Blount and Clarke (1949). 


APPLIED ANATOMY 


Girls’ feet continue to grow in length until the age of fifteen years; boys until seventeen 
years (Meredith 1944). The curve of average growth in foot length (Fig. 1) is derived from 
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Graph showing average growth in foot length. (By courtesy of 

the British Boot, Shoe and Allied Trades Research Association.) 
a survey of 1,882 girls and 1,836 boys of various ages from various parts of England.* It will 
be seen that in girls between twelve and fifteen years the average increase in foot length is 
half an inch, and between ten and fifteen years over one inch. If it is assumed that growth 
of the first metatarsal is not less than a quarter of this total, a correction of the order of 


* The British Boot, Shoe and Allied Trades Research Association, Research Report Number R.R. 114. 
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15 degrees could be attained by unilateral arrest of growth at the age of ten years. It 
appears that unilateral epiphysial arrest at the age of twelve years will produce significant 
correction in average cases in girls. 
TECHNIQUE OF OPERATION 

Under a tourniquet the lateral side of the epiphysial plate at the base of the first metatarsal 
is exposed by a vertical incision one and a quarter inches long on the lateral side of the tendon 
of extensor hallucis longus. The periosteum is dissected off the metaphysis and epiphysis, 
which here shows a quarter of an inch of cancellous bone. A small elevator is passed round 
the bone and depressed, keeping the dorsalis pedis artery out of harm’s way and depressing 
the second metatarsal as far as possible to expose the lateral aspect of the first metatarsal; 
insertion of a staple on the dorsum might produce a metatarsus elevatus deformity. Three, 
or at least two, stainless steel wire staples are inserted and driven home, making sure that 
they bridge the cartilage plate and do not impinge on the tarso-metatarsal joint. Only skin 
sutures are required for closure. 

A few days’ stay in hospital is all that is required and after the sutures have been removed 
no further treatment is necessary. Estimation of deformity and degree of correction is obtained 
from standard radiographs before operation and at three-monthly intervals afterwards. 


TECHNIQUE OF RADIOGRAPHY AND MEASUREMENT OF METATARSAL ANGLE 
The patient is seated on the X-ray table and the feet are placed side by side on the film, 
separated by about half an inch; the knees should touch and the lower legs should be vertical 
above the ankle joints. The X-ray tube is angled 
by 15 degrees towards the ankle and the 
central ray is directed to a point between the 
navicular-cuboid intervals of both feet. The 
film should be sufficiently penetrated to reveal 
adequately the lateral margin of the base of 
the second metatarsals. When this constant 
technique is used subsequent angular measure- 
ments should give comparable results. 
Measurement-—The widest transverse 
dimensions of the heads of the first and second 
metatarsals are measured and a bisecting point 
is made on the film. In cases where the 
epiphysis for the head of the second metatarsal 
is insufficiently developed to cap the metaphysis, 
the measurement is made across the metaphysis. 
Similar bisecting points are made across the 
base of the second metatarsals and the 
metaphyses of the first metatarsals. The points 
on each side are then joined by lines which are 
produced in the direction of the heel. A square 
protractor is then used to erect a right angle 
on the second metatarsal line (Fig. 2). This 
Radiograph showing staples in position and Same protractor is then used to measure the 
method of measurement of metatarsal angle. angle made by the erected right angle with the 
first metatarsal line. The square protractor 
allows the angle to be measured on each side in order to give greater accuracy. With this 
technique it should be possible for the angular measurements to be accurate to within 


1 degree. 
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RESULTS 


The operation has been performed on twenty feet in this series. All the patients were 
girls ranging in age from five and three-quarters to twelve and a half years. The prime 
metatarsal angle varied from 7 to 12-5 degrees, compared with a control group average of 
5-7 degrees. 

The longest follow-up was fourteen months, the shortest three months. 
five cases showed improvement, one was worse and the rest showed no change of angle. 
The greatest decrease in angle was 5-5 degrees. In one case the foot not operated upon 
showed a diminution of angle of 1-5 degrees, compared with a diminution of 3 degrees in 
the foot subjected to operation. 

Comment—tThis preliminary report suggests that the deformity of metatarsus primus varus 
may be correctable by a minor operation to produce unilateral growth arrest of the first 


In this time 


metatarsal. 
I would like to express my thanks to Dr Ronald Murray, Radiologist to the Lord Mayor Treloar’s Hospital, 
Alton, for his description of the radiographic technique and method of measurement, and for his careful 
evaluation of the results. 
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INTERNAL FIXATION OF THE McMURRAY OSTEOTOMY 
WITH A TRIFIN NAIL* 


Ropert Roar, LIVERPOOL, ENGLAND 


This paper is not concerned with the merits of the McMurray osteotomy; anyone who 
gives the operation a fair trial will find it an excellent way of stabilising a weak or painful 
hip. As usually practised (McMurray 1935), the operation has the disadvantage that it 
necessitates immobilisation in a plaster spica for several weeks. In order to avoid this, and 
to allow early activity, various forms of internal fixation have been used. Most of these 
consist of some form of modified ‘‘ blade plate ’’ which is screwed to the femoral shaft. They 
all have disadvantages. The length and the extent of the operation are increased, and fixing 
the plate to the femur tends to reduce the medial displacement of the shaft—indeed, if the 
displacement is adequate, access to the femoral shaft is usually a difficult matter. The 
“blade plate’? must be adjustable in two dimensions to allow for varying degrees of hip 
deformity and, if it has to be removed at a later date, this too may be a major procedure. 

If the osteotomy is made sufficiently high—as indeed it must be to ensure permanent 
relief of pain—the upper end of the lower fragment consists mainly of cancellous bone and, 
like cancellous bone elsewhere, can be fixed with a trifin nail, driven from the greater trochanter 
into the upper end of the shaft (Fig. 1). This method of fixation is quick and relatively easy; 
it requires no special instruments and can be adapted to any degree of hip deformity. It also 
allows minor adjustments of position in the postoperative period and the pin can, if 
necessary, be removed easily at a later date. 


TECHNIQUE OF OPERATION 


It is important that the osteotomy should be really high and the shaft well displaced 
under the femoral head. In this position it is locked against the side of the pelvis and a trifin 
nail can be driven through both cortices of the shaft to secure good fixation. If the osteotomy 
is too low, it may be difficult to fix the pin securely in the lower fragment. 

The writer prefers an angled incision beginning midway between the anterior superior 
iliac spine and the postero-superior angle of the greater trochanter, extending behind the 
trochanter and then turning distally to end about four inches down the leg. The skin flap 
is reflected forwards and the interval between the gluteus minimus and the tensor fasciae 
latae {femoris} is defined and opened. Three bone levers are then inserted round the upper 
and lower borders of the femoral neck and the lateral aspect of the shaft respectively. The 
anterior surface of the intertrochanteric region is displayed and the site of osteotomy can be 
chosen with precision. By starting the osteotomy medially it is easy to avoid the formation 
of a spike running up into the neck, which may otherwise occur with a high osteotomy. After 
the femur has been divided the shaft is displaced medially under the head of the femur and 
for this part of the operation it is a great advantage to have a third assistant to hold the limb 
in the correct position. A guide wire is now inserted half to three-quarters of an inch below the 
tip of the greater trochanter and is passed obliquely downwards and medially into the lower 
fragment under direct vision. It may be necessary to make a small drill-hole in the lateral 
cortex of the shaft to allow the guide wire to enter the bone. The guide is introduced until 
it is felt to engage against the medial cortex. The position of the guide wire is preferably 


* Paper read at the Annual Meeting of the British Orthopaedic Association in London, October 1950. 
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INTERNAL FIXATION OF THE MCMURRAY OSTEOTOMY 


checked radiographically; and a suitable trifin nail is driven along the guide wire until it 
penetrates the medial cortex of the shaft. The guide wire is removed, the firmness of the 
fixation is tested by the assistant manipulating the leg, the wound is closed and a firm 
pressure bandage is applied. 

Postoperative care—The necessity for splinting after operation depends on three factors: 
the efficiency of the internal fixation, the mobility of the hip and the degree of pre-existing 
deformity. Under favourablecircumstances— 
for example in a fairly recent fracture of 
the neck of the femur—it is possible to 
leave the limb completely free; but usually 
some external support is wise, especially if 
the hip is stiff and deformed or if the bone 
is very soft. Double below-knee plasters 
joined by a wooden bar to hold the legs 
slightly abducted and in neutral rotation 
are a convenient method, but other methods 
such as Russell traction can be used just 
as successfully. Both methods allow the 
patient to sit up and to lie down, to move 
his knees and to exercise his quadriceps, 
gluteal, abdominal and respiratory muscles. 
After about five weeks a single above-knee 
plaster spica is applied and the patient is 
allowed up. The spica is retained for a 
further four to five weeks. 

Causes of failure—The causes of failure 
are entirely technical. They include: making 
the osteotomy too low; failing to displace 
the shaft adequately; failing to use a long 
enough nail; inserting the nail has low in Radiograph to show position of the trifin nail. Note 
the trochanter or obtaining an inadequate _ the high osteotomy and marked medial displacement 
fixation of the lower fragment; and finally of the femoral shaft. 

omitting external splinting in difficult cases. 

All these mistakes can and should be avoided; they are mentioned because they have been 
made and there is no need for them to be repeated. 


Fic. 1 


SUMMARY 

Internal fixation with a trifin nail after displacement osteotomy of the femur permits 
reduction of external splintage to a degree that any patient can tolerate with ease; it also 
eliminates the problem of the stiff knee. 

The method has been used successfully for recent and old fractures of the femoral neck, 
for post-irradiation fractures, for failed nailing operations or arthroplasties, for osteoarthritis, 
for rheumatoid arthritis, for old congenital dislocations and subluxations, and to stabilise the 
hip after excision of the head and neck to create a pseudarthrosis. 


REFERENCE 
McMurray, T. P. (1935): Osteoarthritis of the Hip Joint. British Journal of Surgery, 22, 716. 
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AN IRREGULAR, FAMILIAL CHONDRO-OSSEOUS DEFECT 


With Suggestions Concerning the Nomenclature of the 
Generalised Osseous Dystrophies 


W. P. U. Jackson, CAPE Town, SouTH AFRICA 


From the Department of Clinical Medicine, University of Cape Town 


A tiny deformed white woman (Maria), aged fifty-two years, was discovered knitting 
strenuously in a surgical ward, having lost her left breast (Figs. 2 and 3). She had always 
been labelled achondroplastic but one immediately had to doubt that diagnosis. She was a 
bright, intelligent, normal-headed, hunchbacked, knock-kneed dwarf, waddling round the 
ward with difficulty on short legs and severe club-feet, dexterously manipulating the finest 
needle and thread with stumpy little fingers attached to short forearms. Her limb joints, 
particularly the knees and ankles, were swollen and the normal bony contours largely 
unrecognisable, the disorganisation producing marked limitations of movement (Table I). 
Gross knock-knee was caused by extraordinary angulation of the right joint. The dwarfism 
(height 4 feet 1 inch) was partly vertebral with kyphoscoliosis, but mainly of short-limb 
type, as the measurements in Table I show. Considering ker severe deformities and 
limitation of movement she was remarkably agile. She was able to touch her toes without 
bending her knees despite complete absence of movement in the lumbar region. 

Her brother Daniel, aged fifty-six years, is shown in Figure 4, in which he is seen 
“standing ” as straight as he could. His height in this position was 4 feet. He had similar 
shortened limbs and fingers, even worse club-foot and much grosser limitation of movement 
of hips and knees (greatest extension of these joints shown in Figure 5). There was no 
movement at all at the shoulders except forwards, and Figure 6 shows, as well as the scoliosis, 
the limit of elevation of the arms. Again, the knees were grossly disorganised and the patellae 
could be felt laterally (Fig. 18). 


5-9 


Family history. The black signs indicate the three affected siblings. The ringed figures indicate the 
number of unaffected offspring. 


The eldest sister (Louise), aged sixty-two years, was less severely affected (Fig. 2). She 
was 4 feet 6 inches tall. She also had gross club-feet and needed crutches to get about, but 
her limitation of movement was less and her spine was quite straight and clinically normal. 
Her limbs were short (Fig. 7). Her knees were also swollen and the patellae dislocated 
laterally (Fig. 8). 

Family history (Fig. 1)—These people believed that their deformity had been present since 
birth—their parents had told them so. Daniel had never been able to walk unaided, but 


420 THE JOURNAL OF BONE AND JOINT SURGERY 


| 
| 

| | 

| 

e CO O O O 

@ @ © @ @ 

@ @ © O 
Fic. 1 
x 
a. 
i : 


AN IRREGULAR, FAMILIAL CHONDRO-OSSEOUS DEFECT 


The three affected siblings, Maria, Louise and Daniel, photographed with a 
normal brother. 


Fic. 3—Maria. Fic. 4—Daniel. 
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Louise could do so until she was twelve years old. No other abnormalities have been found 
and all three have retained excellent health. Further siblings are four normal brothers and one 
normal sister. The youngest brother, shown in Figure 2, is 5 feet 9 inches in height, and two 


Fic. 5 Fic. 6 
Daniel—Note in Figure 5 the flexion deformity of hips, knees and elbow; and in Figure 6 the 
kyphoscoliosis. The shoulders are abducted to their fullest extent. 


Fic. 7 Fic. 8 
Louise—Figure 7 shows marked shortening of forearms and hands. Figure 8 shows the gross 
deformity of both feet. The patellae are displaced laterally. 


elder brothers are over 6 feet. The parents (mother 6 feet, father 5 feet 10 inches), grandparents 
and great grandparents are believed to have been normal, and there have been no affected 
members in collaterals despite considerable prolixity (Fig. 1). The deformed sibs have never 
married. There was no consanguinity in any marriage in the family. 
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The appearance of three abnormal mixed-sex siblings to normal parents suggests a type 
of inheritance which is either fully recessive or dominant with incomplete penetrance. The 
latter is unlikely in view of the large number of unaffected ascendants and collaterals and it 
seems most probable that we are here dealing with a recessive pedigree, despite the absence 
of cousin marriages and the ratio of affected to unaffected sibs being 3:5 instead of the 
theoretical 1:3 


TABLE I 


PuysicaL DaTa IN THREE AFFECTED SIBLINGS AND ONE NORMAL SIBLING 


Normal 


Body measurements 
(ime Maria Daniel Louise 
Height . 49 49 54 69 
Head circumference . , . 22 22 22 22 
Sitting height 31 31 32 36 
Crown—umbilical length 23 24 24 
Umbilical height ‘ : : . 26 ? ( flexed hips \ 32 45 
Xiphisternal height . ‘ 30 >< prevent — 50 
Anterior superior iliac spine —knee joint 15 ? | measurement ) 15 17-18 
Humerus (approximately) . ‘ 9 94 8 124 
Ulna (approximately) 5} 7 6 103 
Radius (approximately) 5 6 54 9 
Middle finger (web—tip) , 2k 23 2} 3} 
Femur (trochanter—knee joint) 124 114 12} 16 
Fibula (approximately) . ; 103 11 123 15 
Foot of toe) 6 7 10 


Joint movements 


Excellent 
Spine ‘ lumbar. Stiff throughout Normal 
Nil thoracic 


Mild general Nil except 
10° limitation 15° limitation 


110° extension only 
*xtension free only 
extension flexed by 70°) 


120° extension 


90° extension (i.e. 
permanently flexed 
at right angle) 


100° extension 
only 


10° limitation 
Kne | of extension 


Radiographic examination (of Maria and Daniel)—The skulls of both Maria and Daniel 
are normal. The shoulders, elbows, hips and knees show, in general, great irregularity of 
joint surface and surrounding bone with local hypertrophy and utterly abnormal shapes, 
diminution of joint space, osteoarthritis and some rarefaction (Figs. 9 to 18). In addition, 
there are large extraneous calcified bodies near to Daniel’s shoulders which are either loose 
bodies or calcifying chondromas (Fig. 15); because of the total immobility of these joints it 
was impossible to take further radiographs to settle their exact nature. It appears that the 
head of his humerus has fused with the acromion process. At the knees the patellae are 
dislocated laterally, .nd the lower leg is rotated through 90 degrees so that the fibula comes 
to lie posteriorly (Fig. 18). The radii of both subjects are bowed; the forearms are short 
compared to the humeri; the metacarpals and phalanges short and stumpy, but not grossly 
irregular (Figs. 13 and 17). Both spines show gross kyphoscoliosis; in the case of Maria the 
appearance in the lateral radiograph (Fig. 10) resembles that of Morquio’s disease in its 
flattened vertebral bodies (platyspondyly) with irregular anterior, superior and inferior 
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Fic. 9 Fic. 10 Fic. 12 
Maria. Figure 9—Right humerus. Figure 10—Spine showing platyspondyly and osteoarthritis. 
Figure 11—Right knee, and Figure 12—Left knee, showing irregularity and rotation deformity. 


Fic. 14 
Maria. Figure 13—Right elbow and forearm. Note irregularity of elbow joint, short forearm bones and 
stumpy metacarpals. Figure 14—Hip joints showing gross irregularity of upper ends of femora, with 
subluxation and degenerative changes. 
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Fic. 15 
Daniel—Left shoulder showing 
deformity of upper end of humerus 
and of glenoid and acromion, 


Fic. 17 
Daniel—Left elbow and forearm. 
Note disorganisation of elbow and 

shortening of forearm bones. 
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Fic. 16 
Daniel—Spine showing kyphoscoliosis. 


Fic. 18 
Daniel—Antero-posterior radiograph of 
right knee showing rotation deformity 

and lateral dislocation of patella. 
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margins not entirely accountable by osteoarthritis, with irregular increase of intervertebral 
space and rarefaction. But unlike Morquio’s disease is the absence of any anterior tongue-like 
projections. Finally, the fibulae are perhaps shortened and the feet require no comment. 
In general the bony trabeculation is coarsened and irregular, particularly around the deformed 
epiphyses, and rarefied in parts. 


DISCUSSION 
Nature of the dystrophy—After examining these siblings I first tried to fit their condition 
into a recognised syndrome, but it was soon evident that they represented an irregular 
chondro-osseous dystrophy, possibly unique. It resembles achondroplasia superficially in its 
dwarfism, short limbs, waddling gait and brachydactyly; but the normal skull, the articular 
and vertebral irregularities, the high humero-ulnar ratio, club-foot and the lack of a dominant 
pedigree (cf. Mérch 1940) invalidate that diagnosis. 

The resemblance to the Morquio-Brailsford osteochondrodystrophy is closer, with the 
normal skull, irregular epiphyses and enlarged joints, irregular vertebral bodies with 
kyphoscoliosis and platyspondyly, coxa vara, short limbs and fingers, generally coarse bony 
trabeculation and osteoporosis, and the probable recessive nature of the inheritance. On the 
other hand, the dwarfs did not have the external appearance of the Morquio dystrophy, 
particularly Louise, with her clinically normal spine yet grossly deformed joints. Club-foot 
is not a feature of the Morquio dystrophy, and the joint spaces are characteristically increased 
rather than diminished. 

Dysplasia epiphysialis multiplex (Fairbank 1947) is suggested by the short limbs and 
the stumpy fingers, the epiphysial irregularities with reasonable acetabula, the normal skull 
and teeth. But in dysplasia epiphysialis multiplex the spine is normal (except in Jansen’s 
case, which is included under this head by Fairbank), there is no club-foot, and the actual 
appearance of the swollen epiphyses of the present family is not quite like those in published 
cases of epiphysial dysplasia, even allowing for the osteoarthritis. 

The bowed radius is reminiscent of diaphysial aclasis (Keith 1919!, while Brailsford (1935) 

reported a family of four siblings with much grosser radial bowing which he classified, rather 
doubtfully, as atypical achondroplasia. Lance (1927) reported the single case of a child of 
sixteen months with platyspondyly and club-foot. 
A plea for a simplified classification of generalised osseous dystrophies—The 
present family represents one of the several “ irregular osteochondrodystrophies,”’ each of 
which has certain unique features although most authors have attempted to thrust their 
described case or family into a recognised group or to give it another long and confusing 
name of its own. Gates (1946) suggested that these dystrophies might be due to sectional 
deficiency in a chromosome causing irregular crossing over and so giving rise to various types 
of familial deformity. Many of these “ irregular dystrophies ’’ are, in fact, in some ways 
intermediate between two recognised syndromes: for example, between achondroplasia and 
Morquio’s disease such as the cases of Warkany and Mitchell (1934), of Silverskiéld (1925), 
and the “ achondroplasiacs with spinal changes” (Parsons et al. 1936); between Morquio’s 
disease and multiple epiphysial dysplasia (Jansen 1934); between dyschondroplasia, 
achondroplasia and Morquio’s disease (Dwyer 1932); between Morquio’s disease and 
gargoylism (Ruggles 1931, Snoke 1933); between the absence of single bones and osteodental 
dysplasia (cleidocranial dysostosis); between single ivory osteoma and multiple exostoses 
(type Keith); between osteopetrosis and osteogenesis imperfecta (Brailsford 1935); between 
osteopetrosis and melorheostosis (Wakeley 1931); between osteostriata and osteopoikilosis 
(Lindbom 1942); and all the gradations from unilateral enchondromatosis (type Ollier) to 
multiple exostoses (type Keith). 

Certainly there are well recognised time-honoured entities such as achondroplasia and 
osteogenesis imperfecta in which each new case usually reproduces the classical features. 
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Nevertheless the suspicion arises that the various osseous dystrophies do not necessarily fall 
into watertight compartments, but allow of overlapping, the one with the other, in certain 
cases. This suggestion is strengthened by a brief examination of points of similarity between 
several of the recognised syndromes. Thus we see the similarity of the spines of Morquio’s 
disease and gargoylism (incidentally the anterior surfaces of the vertebral bodies in Morquio’s 
very first case show both central tongue projection and inferior beaking) ; the depressed nasal 
bridge of gargoylism, of achondroplasia and some cases of Morquio’s disease ; the thick stumpy 
phalanges and metacarpals in achondroplasia, Morquio’s disease, gargoylism and multiple 
epiphysial dysplasia; extra metacarpal epiphyses in achondroplasia, Morquio’s disease and 
cleido-cranial dysostosis; the joints of multiple epiphysial dysplasia, of gargoylism and less 
severe cases of Morquio’s disease; the histological similarity between achondroplasia and 
dysplasia epiphysialis punctata (Harris 1933) ; shortening of ulna with bowing of radius which 
may occur in several types; some cases of Morquio’s disease with short thick humeri and 
femora like those of achondroplasia. Differences in mode of inheritance do not necessarily 
separate different groups, since the distinction between recessiveness, sex linkage and 
dominance appears no longer clear cut (Gates 1946). The same gene appears to be able to 
behave as a dominant in one family, recessive in another, and in a third may cross over to 
an X-chromosome and become sex-linked. Morquio’s disease is probably inherited in all three 
ways. Certainly there are marked clinical, prognostic and pathological differences between 
the main chondro-osteodystrophic syndromes, but the attempt to separate out more and more 
of these as distinct diseases with new and confusing names is, I suggest, not scientifically 
justifiable. The names already are awkward enough, and frequently do not accurately 
describe the conditions to which they are applied. Who, from the names, could deduce the 
difference between: achondroplasia, dyschondroplasia, chondrodysplasia, chondrodystrophy, 
chondro-osteodystrophy, chondrodystrophia ossificans, chondrodystrophia calcificans con- 
genita, osteogenesis imperfecta, dysostosis multiplex, periosteal dysplasia, osteopsathyrosis, 
melorheostosis, osteochondropathia, diaphysial dysplasia and mutational dysostosis ? 

For these reasons a simplification of classification and nomenclature of the generalised 
developmental osseous dystrophies seems highly desirable, somewhat on the following lines 
(the more important clinical syndromes are shown in heavy type): 


Cartilaginous Defect (Affecting Cartilage Bone Only) 


DIAPHYSIAL ONLY (displaced islands of cartilage cells) 
Multiple enchondromata (type Ollier) 

(Usually not hereditary; mainly unilateral; shortening and enlargement of long bones; : 

with or without multiple haemangiomas) 


Multiple exostoses (type Keith). 
(Strongly dominant; symmetrical dwarfing; short ulna and bowed radius) 


Mixed, incomplete, and intermediate types. 


METAPHYSIAL DYSPLASIA 


Type Jansen (see Fairbank 1948) 
(Extremely rare dysplasia, confined to metaphyses) 


EPIPHYSIAL ONLY 
Multiple epiphysial dysplasia (type Fairbank 1947) 
(Dwarfing; irregular mottled epiphyses of limb joints). 


Stippled epiphyses (type Fairbank 1927) 
(Extreme stippling of multicentric epiphyses; with or without congenital cataract). 


? Intermediate types. 
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WHOLE BONE 
Achondroplasia 


Type Parrot 
(absence of zone of provisional chondral calcification; strongly dominant; present before 


birth; frequent foetal death; classical features, but normal bony pattern). 
Atypical types (e.g., unilateral, types with normal skull, recessive inheritance, the Ellis-van 
Creveld syndrome, etc.). 


Type Morquio (all degrees of severity) 
(Recessive or sex-linked; develops after birth; spine is characteristic; coarsened and 


irregular bone pattern). 
Intermediate types (Warkany and Mitchell 1934, Silverskiédld 1925). 
Gargoylism 
Type Hunter-Hurler 
(Recessive; storage disease; mental defect and corneal opacity). 
Incomplete types. 
Intermediate types (Ruggles 1931). 
Irregular types (present family). 


Defect in Ossification (Affecting Cartilage and Membrane Bone) 


Osteogenesis imperfecta 
Types Vrolik (early) and Lobstein (late) 
(? Deficiency of osteoblastic activity (Knaggs 1924); brittle bones; blue sclerotics and 
otosclerosis; variably combined, with dominant inheritance). 
Atypical types (unilateral, cystic, etc.). 

Increased bone density (? deficiency of osteoclastic activity) 
Osteopetrosis, or type Albers-Shénberg I 
(Recessive or irregular dominant inheritance; widespread loss of differentiation between 
cortex and medulla; association with anaemia, fractures and cranial nerve compression). 
Spotted bones, osteopoikilosis or type Albers-Schinberg II 
(Dense spots in spongiosa; no disability; with or without dermatofibrosis lenticularis 
disseminata). 
Type Léri (‘‘ melorheostosis ’’) 
(Bands of dense bone at ends of long bones; usually only one limb affected.) 
Osteostriata (type Voorhoeve) 
(Generalised streaking of long bones; no disability.) 
Irregular ov intermediate types. 

Intermediate types (e.g., Brailsford 1935) 

Osteodental dysplasia (see Jackson 1951) 
“ Cleido-cranial dysostosis’’ (Marie and Sainton 1897) 
(Defect of calcification of teeth, membrane and some cartilage bones; strongly dominant.) 
Incomplete types—e.g., with normal clavicles; ‘‘ Peripheral dysostosis ’’ (Brailsford 1944) ; 
““ Cleidal dysostosis ’’ (Baer 1948). 


There are certainly difficulties with a classification of this kind. Osteostriata, for instance, 
shows certain affinities to Ollier’s disease and would possibly be more correctly classified 
with the cartilaginous diaphysial defect group. The ‘‘ enchondromata ”’ of Ollier’s disease 
are not neoplasms. Perhaps other syndromes, such as polyostotic fibrous dysplasia and the 
skeletal types of neurofibromatosis should be included. The grouping is not intended as a 
complete or final classification, but as a suggestion for clarifying the ordinary person’s 
conceptions, simplifying the general nomenclature and rendering easier the teaching of these 
conditions. 


SUMMARY 
Three elderly sibling dwarfs are reported from a large and otherwise normal family. 
Their condition is an unusual and irregular form of cartilaginous defect, combined with 
club-feet, and bearing some resemblance to the Morquio type. 
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A brief consideration of the literature of the generalised developmental bony syndromes 
shows confusion of thought and nomenclature. A plea is therefore made for simplification 
and a rational and simple grouping of these conditions is attempted. It seems particularly 
desirable that many confusing names for particular syndromes should be scrapped (for 
example, dyschondroplasia, chondro-osteodystrophy), although quite evidently the terms 
achondroplasia and osteogenesis imperfecta must remain because of their long-standing and 
general usage. Incidentally I have suggested elsewhere (Jackson 1951) that the name 
cleido-cranial dysostosis should be dropped, because it tends to lead the investigator away 
from the clinically more important lesions in the teeth and the cartilage bones of the pelvis 
and legs. It seems reasonable to confine the nomenclature of these various syndromes to 
the names used in the above classification, or something on those lines. 


I am pleased to express my thanks to Professor Forman and Professor Erasmus for their continued help 
and interest; to Mr McManus of the Department of Surgery for the photographs; and to the radiologists 
and radiographers of Groote Schuur Hospital. 
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SCLERODERMA AND MELORHEOSTOSIS 
Report of a Case 


N. M. Tuompson, C. E. L. ALLEN, G. S. ANDREWS 
and F. N. GILLWALD, DURBAN, SOUTH AFRICA 


From the King Edward VIII Hospital, Durban 


An Indian girl aged ten years complained of pain in the knee and a bad limp due to 
deformity of the right leg. This deformity had been present since birth, but had become 
steadily worse with growth. Pain was not very severe. In the family history there was no 


record of any similar condition. 
Clinical examination—Apart from the findings referable to the right leg, there was no 
important abnormality. The patient exhibited the old scarring ef an infected scabies 
commonly found among this class of patient. 

The child walked with a marked limp, keeping the right knee fle’ 4d about 30 degrees, 
the tibia being medially rotated about 20 degrees on the femur (Fig. 1). In addition to the 


Fic. 1 Fic. 2 
Figure 1—Patient at the age of ten years. Note flexion- 
adduction contractures of knee, ankle and foot. Figure 2— 
The affected area of skin has been marked out; changes of 
texture are just discernible in the photograph. 


flexion and medial rotation deformity there appeared to be some real genu varum. The 
foot was drawn into varus, and the child walked on the outer border of the foot, but without 
any equinus (Fig. 2). 

Hip movements were full. The right knee could be flexed to 90 degrees; extension was 
20 degrees short of full. At the ankle joint, dorsiflexion was full but plantar flexion was to 
a right angle only. Inversion-adduction at the tarsus was full; eversion-abduction was to 
just less than the neutral position. 
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There was a linear scleroderma, extending from the thigh downwards, which overlaid 
and appeared to involve the sartorius, tibialis anterior and abductor hallucis muscles (Fig. 2). 
The fibrous thickening extended from the upper thigh downwards. The skin was bound by 
fibrous strands to the underlying muscle. Over the area where the sartorius expands round 
the postero-medial aspect of the knee joint towards its insertion there was gross thickening 
of the skin and subcutaneous tissue and the patella was anchored and displaced medially 
from its normal position. There was one and a half inches shortening of the femur, and one 
inch shortening of the tibia. Blood Wassermann reaction was negative. 


Fic. 3 Fic. 4 
Figure 3—Right knee joint and tibia. Note “ flow’ of dense bone at medial aspect 
of tibial shaft, and epiphysial changes confined to the medial half of each bone. The 
talus is also affected. Figure 4—Right femur. The changes are less well marked than 
in the tibia and affect mainly the lower half of the shaft. 


It was considered that the abnormal fibrous tissue was responsible for the deformity, and 
that it might have caused retardation of growth at the medial side of the epiphysial plates. 

Radiographic examination. Right tibia—The medial aspect of the shaft showed irregular 
cortical thickening, most marked in the middle third where the appearance” suggested a 
“ flow ’’ of dense bone (Fig. 3). Both tibial epiphyses, the distal femoral epiphysis and the 
patella showed irregular densities forming a somewhat coarse lace-work appearance. All the 
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changes were confined to the medial side. Right femur—The distal epiphysis showed changes 
similar to those found in the other epiphyses; they were confined to the medial half. The 
shaft of the femur showed a “ flow ’’ of bone on its medial aspect and most marked in the 
distal half (Fig 4). The changes were less marked than 
those in the tibia. Right foot—The talus, navicular, 
medial cuneiform, first metatarsal and the two phalanges 
of the hallux were affected (Fig. 5). The shafts of the 
metatarsal and phalanges showed changes like those seen 
in the tibial shaft; the changes in the tarsal bones were 
mostly endosteal and represented by splashes and dots. 
Involvement of the navicular was minimal. Very slight 
changes represented by cortical thickening at the bases of 
the other metatarsals were observed. Left foot—Changes 
of an osteopoikilic nature were present in the phalanges 
of the left foot. Pelvis—Minimal changes were observed 
in the right acetabulum. Other bones—A suggestion of 
osteopoikilic changes was noted in the carpal bones and 
in the distal radial epiphyses, especially on the right 
side (Fig. 6). The skull, spine and thoracic cage appeared 
normal. 

Operation—A curved incision was made from the mid- 
thigh along the line of the sartorius to its insertion. The 


Fic. 5 
Right foot, showing involvement of | skin was between an eighth and a quarter of an inch 
alt the bones at the medial Henter thick, and on its subcutaneous aspect the fat was inter- 


laced by dense strands of fibrous tissue. The sartorius 


muscle was missing, its place being occupied by thick yellow fibro-fatty tissue. The part of 
adductor longus which normally is attached to the adductor tubercle was missing, as was 
the distal third of the gracilis. All the fibro-fatty tissue was excised; it cut “ grittily ”’ like 
a green pear. The capsule of the knee joint was incised medially to release the patella. The 
deformity of the knee was thereby corrected. After 
operation the limb was immobilised in plaster. 

The child died four days after operation; death was 

attributed to fat embolism. Consent for autopsy was 
refused. 
Histological examination (of specimens excised at 
operation). Skin—There were slight hyperkeratosis, 
thinning of the epidermis and dense fibrosis of the 
corium. Muscle tissue — Sections showed scattered 
degenerated voluntary muscle fibres and “‘ replacement ”’ 
by fatty tissue. Bone (from upper part of tibia)—The 
specimen consisted of dense compact living bone. 


DISCUSSION 


In 1922 Leri and Joanny reported a type of 
bone pathology to which they applied the name of Fic. 6 
melorheostosis, or flowing hyperostosis of a limb. Putti Right carpus. Most of the carpal bones 
(1927) described two cases, each with a lower limbaffected, 
under the title ‘‘ osteosis eburnisans monomelica.” 

Dillehunt and Chuinard (1936) reported a case in which scleroderma was superimposed upon 
the area affected in the bone. Up to that date nineteen cases had been described. This total has 


since been increased to over forty, but Fairbank (1948) stated that only four unquestionable 
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SCLERODERMA AND MELORHEOSTOSIS 


cases have been described in the United Kingdom (Wakeley 1931, Boggon 1938, Franklin and 
Matheson 1942, Le Vay 1946). Hess and Street (1950) reported a case in which pain, the 
predominant symptom, was treated by sympathectomy with encouraging results. 

The most striking features of the case described here were linear scleroderma and 
contraction deformity. Pain was not severe, although it is reported by others to be the most 
frequent symptom. The radiological findings were characteristic, although accompanied in a 
minor degree by changes of an osteopoikilic type. No evidence of involvement of the skull, 
spine or ribs was present. Histological examination of the excised specimens of skin, muscle 
and bone was not very helpful. In Hall’s case (1943) there were thickening of the skin and 
fibrosis of underlying tissues; the bone was highly vascular and the periosteum lost in a felt- 
work of overlying fibrous tissue undergoing bony invasion. Histological reports are apparently 
somewhat conflicting, but they indicate that dense areas are the seat of sclerosis, with lamellae 
arranged in a bizarre manner. Concentric perivascular ossification is sometimes mentioned. 

Of interest in this case was the way in which the undifferentiated fibroblastic tissue 
involved all structures from the deeper skin layers down to, and including, the bone. This 
observation suggests strongly that a primary mesoblastic defect arises in a part of the limb 
bud before its development into a rotated and definitive limb; there is possibly a disturbance 
of cell potential in the somatopleural mesoderm. Zimmer (1927) suggested a developmental 
error, the result of embryonic metameric disturbance. 

The death of our patient from fat embolism made it impossible to confirm or deny the 
observations of Leri and Joanny (1922), who considered that the condition was progressive, 
as it proved in their original case. Progression of the deformity in our case was ascribed 
to continued normal epiphysial bone growth with unresponsive bowstringing of the soft 
tissues. Correction of the soft tissue abnormalities was all that was required to overcome 
the deformity. Although radiographic findings have been stressed in the literature, it is 
possible that much more emphasis should be laid on the abnormality of the soft tissues. 


Our thanks are accorded to Dr J. Parker, Superintendent of King Edward VIII Hospital, for permission to 
submit this case for publication, and to Dr J. Wainwright for the histological report. 
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INJURIES OF THE ATLANTO-AXIAL JOINT* 
A. R. HAMILTON, SYDNEY, AUSTRALIA 


Injuries of the cervical spine are relatively common and are becoming more readily 
recognised as a result of early radiographic examination. Many of these injuries are of a 
minor nature, whereas others are immediately fatal—and between these two extremes a 
wide variety of lesions reveal themselves. Because of the facilities that exist along the 
coastal belt of New South Wales for diving, swimming and surfing during many months of 
the vear, injuries of the cervical spine are probably more frequent than in areas where these 
forms of sport are less common. 

The following cases represent three different types of injury of the atlanto-axial joint; 
each case presented a different problem and each required a different type of treatment. 


Fic. 1 Fic. 2 
Case 1—Radiograph one month after injury, Case 1—Four months after atlanto-axial fusion 
showing forward displacement of the atlas on undertaken for recurrent subluxation after 
the axis. conservative treatment. 


CASE REPORTS 


Case 1—Boy aged fourteen years. When diving into the surf he injured his neck and 
complained of pain and stiffness of the upper cervical region. A radiograph taken soon after the 
injury was reported to show no osseous lesion. The pain and stiffness persisted and one month later 
a second radiographic examination revealed forward dislocation of the atlas on the axis and a 
fracture of the arch of the atlas, allowing the lateral masses to spread laterally (Fig. 1). He was 
admitted to hospital five weeks after the injury and the displacement was reduced by means of a 
Glisson sling and weight traction; eight weeks later a ‘‘ Minerva ’’ collar was applied and he was 
discharged home. In spite of a well-fitting plaster the deformity recurred and five months after the 
injury he was readmitted to hospital and the deformity was again corrected by weight traction. It 
was then decided to fix the atlas and axis with a bone graft. The posterior surfaces of the atlas and 
axis were exposed by dissection of the cervical muscles from the occiput and adjacent vertebrae. 
The posterior arch of the atlas was found to be fractured in the midline. A fine hole was drilled in 


* Paper read at the Annual Meeting of the Australian Orthopaedic Association, Adelaide, 1950. 
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each fragment and a length of stainless steel wire was threaded through the holes and tied so as to 
approximate the fragments; the same wire was then passed through a hole made in the spinous 
process of the axis and tied in order to hold the atlas in extension. The arch of the atlas and laminae 
of the axis were rawed with a small chisel, and cancellous chips from the ilium were packed between 
and over the two bones. The wound was closed and the patient was nursed on a plaster bed for 
three months, after which a wire collar was applied and he was discharged home. Radiographs 
four months after the operation showed sound union of the graft (Fig. 2). An interesting temporary 
complication was a “‘ tic ’’ which developed in the right sternomastoid muscle about two months 
after leaving hospital and lasted for several weeks. A good range of movement was ultimately 
restored and the boy has now resumed high diving and championship swimming. 


Fic. 3 Fic. 4 
Case 2—Fracture through base of odontoid Case 2—Three months later, after reduction by 
process with marked forward displacement of traction and immobilisation in plaster. Sound 


atlas with odontoid. bone union. 


Case 2—Girl aged two years. This child was involved in a road accident and was admitted 
to hospital where a fractured mandible was treated by the appropriate specialists, who applied a 
plaster-of-Paris skull cap incorporating a metal mandibular splint. Five weeks later it was noticed 
that her chin was resting on the sternum and that neck movements were greatly restricted. 
Radiographic examination showed a fracture through the base of the odontoid process; with the 
atlas, the distal fragment of odontoid was displaced so far forwards that its base lay against the 
front of the body of the axis (Fig. 3). The child was placed in a plaster-of-Paris bed which extended 
from the feet to the base of the neck, a stout wire head-piece supporting the occiput; weight 
traction was applied by means of a Glisson sling and every few days the wire head-piece was 
bent more and more into a position of extension until finally the head was hyperextended on the 
neck. Control radiographs were taken at frequent intervals. Reduction of the deformity occurred 
gradually during the ensuing three weeks; a plaster jacket with head cap was then applied and the 
child was allowed up. At no time was there any sign of cord pressure or irritation. Radiographs 
taken nine months after the injury showed good reposition of the odontoid process and atlas and 
firm bony union of the fracture (Fig. 4). 

Case 3—Boy aged ten years. While swimming under water he struck his head against a 
rock and suffered slight discomfort in his neck and some tenderness about the mid-cervical region. 
Radiographic examination showed a small fragment at the tip of the odontoid process without 
displacement. The head was kept at rest for three weeks lest there had been some damage to 
the transverse ligament of the atlas. Two months after the injury neck and head movements 
were of good range, but slight tenderness at the back of the upper part of the cervical spine 
persisted. Further radiographic examination showed that the small fragment at the tip of the 
odontoid process had failed to unite to the main fragment. 

Comment—This case is of interest only because of the situation of what appears to have been 


a fracture at the tip of the odontoid process. 
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HAEMOSIDEROSIS AND HAEMOCHROMATOSIS OF 
SYNOVIAL TISSUES 


Dovuetas H. CoLiins, LEEDS, ENGLAND 


From the Department of Pathology, University of Leeds 


Rusty pigmentation of the synovial lining is occasionally seen in joints opened at 
operation or at autopsy. Joints with a large synovial surface, such as the knee joint, may 
present a striking picture when the pigmentation is intense. In smaller joints and with 
lesser degrees of pigmentation the phenomenon may escape detection, and statistics relating 
to the condition cannot be obtained. In its grosser manifestations the condition is a rare one. 
The rusty discolouration is always the result of an accumulation of haematogenous pigment, 
principally haemosiderin, in the stratum synoviale. It has two causes. The first, and commoner, 
is the absorption of blood shed into the joint cavity (haemarthrosis). The second and little 
known cause is haemochromatosis, a systemic disease in which the joints participate only 
incidentally, but regularly. 


HAEMARTHROSIS AS A CAUSE OF SYNOVIAL PIGMENTATION 


Most traumatic effusions are watery, with only a little bleeding into the joint. Severe 
injuries, such as fracture of the intracapsular portions of bones, generally cause much bleeding; 
large effusions of blood may follow trivial injuries in sufferers from one of the haemorrhagic 
diseases and in patients with intra-articular tumours. Even when consisting mainly of blood 
with little dilution by watery exudate, the aspirated fluid from a haemarthrosis usually 
contains no clot and fails to clot in vitro. Seeliger (1926), however, showed that neither 
synovial cel!s nor synovial fluids possess any anticoagulant property, and by injecting blood 
into rabbits’ joints he demonstrated that clotting does occur rapidly but that the blood soon 
becomes fluid again. This he attributed to joint movement, which breaks up the clot and 
defibrinates the blood. While fragments of blood-clot may be found on laying open a joint 
after a haemorrhage, it is certainly the rule that a bloody joint effusion is fluid and apparently 
defibrinated. In course of time lysis of the red cells occurs and degradation of haemoglobin 
proceeds as in any haematoma. A positive van den Bergh reaction for bilirubin in the joint 
fluid may be obtained a long time after the haemorrhage. The iron-containing particulate 
pigment, haemosiderin, is taken up by the phagocytic synovial-lining cells. Micro-sections 
stained by the Prussian blue reagents show clusters of fine, iron-reacting particles in these 
cells and also large aggregates in macrophages in the looser tissues of the stratum synoviale 
beneath the synovial surface (Fig. 1). There it endures for an indefinite period of time. 
Occasionally, after a recent haemorrhage, bright yellow crystals of haematoidin, not giving 
the iron reaction, may be seen; but it is the haemosiderin, itself a golden yellow pigment, 
that is mainly responsible for the gross pigmentation of the synovial tissues (Fig. 2). The 
condition is therefore correctly described by the term synovial siderosis or haemosiderosis. 

It is doubtful whether the amount of haemosiderin absorbed from a single intra-articular 
haemorrhage is sufficient to cause a noticeable gross discolouration of the synovial lining. 
In every instance of pronounced rusty pigmentation in my experience there has been direct 
or presumptive evidence of repeated haemarthrosis, as in haemophilia and in synovial 
haemangioma, or of long-continued oozing of blood, as from the vascular granulation tissue 
of a chronic rheumatoid arthritic joint or as in villo-nodular synovitis, a condition whose 
nosological placing is still debatable. 
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HAEMOSIDEROSIS AND HAEMOCHROMATOSIS OF SYNOVIAL TISSUES 


Haemophilia is an important cause of synovial siderosis because repeated intra-articular 
haemorrhages occur so frequently in this disease. Thomas (1936) records a 78 per cent 
incidence of joint involvement in his series of ninety-eight haemophiliacs, permanent joint 
deformity being present in 61 per cent. Intermittent haemarthroses alone do not quickly 
lead to the disorganised and disabled joint of haemophilic arthritis. Continued distension of 
the joint with blood, long-standing mechanical interference with mevement, and haemorrhages 
into the bone ends and beneath the cartilages seem to be some of the factors concerned 
But intermittent haemarthroses lead to synovial siderosis which increases in degree after every 
haemorrhage. I have found in a haemophiliac at post-mortem examination some joints whose 


Fic. 1 Fic. 2 
Siderosis of synovial membrane in chronic haemarthrosis. Figure 1—Prussian blue reaction shows a fine 
peppering of haemosiderin in the synovial lining and coarser aggregates of the pigment in macrophages 
beneath the surface. Synovial haemangioma (not shown in this section) was the cause of the repeated 
intra-articular bleedings. (Section stained with potassium-ferrocyanide, hydrochloric acid and carmalum, 
x50.) Figure 2—From the same joint as Figure 1, but in this section—not treated with the Prussian blue 
reagents—the natural golden yellow colour of the haemosiderin with transmitted light is shown. Note the 
heavy load of pigment in the macrophages in the loose tissues of stratum synoviale below the surface 
(Haematoxylin and eosin, x 176.) 


only abnormality was a vivid rusty staining of synovial membrane, while other joints showed 
advanced disorganisation and radiographic appearances typical of well developed haemophilic 
arthritis. In these latter joints sections show the synovial tissues to be very heavily laden 
with haemosiderin, although to the naked eye the rusty colour is usually obscured by the 
dark red organising thrombus that fills what is left of the joint cavity. In the siderotic but 
otherwise intact joints haemosiderin is confined to the synovial lining cells and to the tissues 
immediately below. The gross and microscopical appearances of these joints of the haemophiliac 
are in no way different from those seen in joints into which repeated bleedings have occurred 
from some other cause. 


SYNOVIAL PIGMENTATION IN HAEMOCHROMATOSIS 

Sheldon (1935), in an exhaustive review of the literature for his monograph in which he 
collected the records of 311 cases of haemochromatosis, found only twelve references to the 
joints, which seem to have been examined in only fifteen instances of the disease. In all but 
one case (Gaskell e¢ al. 1914), in which the only information given is “ joints—natural,” a 
dark reddish-brown or rusty pigmentation of the synovial membrane was recorded. Sheldon 
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adds another case of his own and reproduces a photomicrograph showing haemosiderin in 
the synovial lining, and I have briefly alluded to the phenomenon elsewhere (Collins 1949). 
That many joints may be simultaneously pigmented in haemochromatosis is shown by 
such records as those of my Case 4, and of Schubert and Geipel (1921) who described 
intense pigmentation of the synovial membrane in the knee, hip, shoulder and elbow 
joints. 

The records of four hitherto unreported cases of haemochromatosis coming to autopsy 
in Leeds and in which joints were examined may be given in brief. 


Fic. 3 
Haemochrematosis of synovial membrane. From 
knee joint of haemochromatosis Case 1. Haemo- 
siderin giving a strong Prussian blue reaction is 
virtually confined to the lining layer of synovial 
cells. (Section stained with potassium- 
ferrocyanide, hydrochloric acid and haematoxylin 
and eosin, 180.) 


CASE REPORTS 


Case 1—A man aged sixty-four years. Bronzing of skin for twelve months, diabetic symptoms for 
two months before death. Post-mortem examination—Widespread haemochromatosis of viscera was 
seen, with fibrosis of liver and pancreas. Joints—Hip and knee joints on the right side both showed 
rusty pigmentation of synovial membrane, more developed in the knee joint. Microscopically a 
finely granular but heavy deposit of haemosiderin is seen within the cells lining the joint cavity. 
Hardly any pigment is seen below the surface (Fig. 3). 

Case 2—A woman aged forty-two years. Liver cirrhosis and macrocytic anaemia had been 
diagnosed three and a half years before death. Frank diabetes developed later. Skin pigmentation 
appeared later still, and the correct diagnosis was made only shortly before death from rupture of 
oesophageal varices. Post-mortem examination—Obvious haemochromatosis of most viscera, atrophic 
cirrhosis of liver. Joints—Hip and knee joints on the right side were examined. The synovial 
membrane of the hip joint was of a rusty colour and sections showed much pigment in the lining 
layer of synovial cells. The knee joint appeared normal to the naked eye; no sections were made. 
Case 3—A man aged sixty-five years, admitted with carcinoma of larynx. Haemochromatosis 
was not suspected. Post-mortem examination— There was primary carcinoma of larynx, 
generalised haemochromatosis, and cirrhosis of liver with primary malignant liver-cell carcinoma. 
Joints—Deep siderotic staining of the synovial lining of both knee joints was to be seen. 

Case 4—A man aged sixty-five years, admitted with perinephric abscess. Haemochromatosis was 
not suspected. Post-mortem examination — There was haemochromatosis grossly affecting liver, 
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pancreas and coeliac lymph glands. Liver cirrhosis. The microscope revealed pigment deposition 
in many other organs and tissues. Joints—Both knee joints and both shoulder joints were opened 
and all showed an intense rusty brown pigmentation of the synovial lining, sometimes patchy in 
distribution. Various samples of the pigmented tissue gave a strong Prussian blue reaction in the 
gross specimen (Fig. 4). Microscopically, fine particles of haemosiderin lie in profusion in the 
cells upon and immediately beneath the synovial surface. Aggregates of small particles and larger 
granules lie in small groups of histiocytes immediately beneath the synovial lining, and a cuff of 
pigment is sometimes seen in the walls of capillaries or very small arterioles. The deeper tissues 
of stratum synoviale and stratum fibrosum contain no pigment at all. 


Fic. 4 


Haemochromatosis of synovial membrane. Knee joint 
from haemochromatosis Case 4. The rusty pigmenta- 
tion of the synovial tissues is well seen on the 
front and sides of the lower end of the femur. The 
patella has been removed. The deep blue tissue mass 
(left) is the anterior fat pad from the same joint. Its 
synovial covering was heavily pigmented and the 
tissue has been exposed to potassium-ferrocyanide and 
hydrochloric acid resulting in this vivid Prussian blue 
reaction. 


DISCUSSION 

The absence of pigment in the deeper parts of the synovial membrane in haemochromatosis 
has previously been remarked upon by Frisch (1922). It is a feature which seems to distinguish 
haemochromatosis from synovial siderosis after haemarthrosis, because in this the pigment 
often lies in macrophages at some distance below the synovial surface. The distinction is 
apparent when Figures | and 3 are compared. In generalised haemochromatosis the pigment 
at some time circulates in the body and is removed from the circulation by the phagocytic 
synovial-lining-cells which, in the words of Policard (1936), constitute the articular territory 
of the re’ :culo-endothelial system. Histiocytes and reticulo-endothelial cells of mesenchymal 
origin are not, however, the only cells which assimilate pigment in generalised 
haemochromatosis; much pigment is also commonly seen in parenchymatous cells of the 
liver, in epithelial cells of pancreas, stomach, thyroid, salivary glands and many other 
glandular organs, in smooth muscle and, as Bork (1928) especially emphasized, in the media 
and adventitia of the arteries in many viscera. Pigmentation of vessel walls was seen in the 
joint tissues in Case 4. Sheldon also refers to pigmentation of cartilage in various parts of 
the body, including the joints, but I have not encountered any discolouration of the articular 
cartilages, and this change seems to be less constant than the synovial pigmentation. 
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Haemosiderin is not the only pigment that appears in the tissues in haemochromatosis. 
An almost black, crystalline pigment, haemofuscin, is also found. Haemofuscin contains no 
iron, but it does contain sulphur and is thought to be related to the pigment melanin, which 
is itself mainly responsible for the discolouration of the skin. In my studies of the joints in 
haemochromatosis I was able to identify only haemosiderin in the synovial tissues. The cause 
and precise nature of the disturbed pigment metabolism in haemochromatosis are as yet 
unknown. Theories need not be discussed here. Attempts to reproduce the disease by 
injection of iron in various forms inte animals have failed (Polson 1928, 1933) ; liver cirrhosis 
and pancreatic fibrosis do not follow, although the iron collects in the reticulo-endothelial, 
histiocytic and certain secreting glandular cells of the body. No observations on the joint 
tissues in experimental animals are recorded but it is probable that the histiocytes of the 
synovial lining would have taken up some of the iron, since trypan blue is absorbed by these 
cells from the circulation (Kuhns and Weatherford 1936). Reports have appeared in recent 
years, following that of Kark (1937), of haemochromatosis developing in patients who have 
received a great many transfusions. Such cases are not numerous; Schwartz and Blumenthal 
(1948) collected thirteen, and no information is available about the state of the joints. It 
would be interesting to know whether—as seems probable—pigmentation of synovial tissues 
occurs in this exogenous haemochromatosis as it does in the spontaneous disease. 

Haemochromatosis is a rather rare disease; 436 cases reported in the literature were 
collected by Berk and Lieber (1941). The incidence is about one in a thousand autopsies at 
Leeds General Infirmary (Stewart 1931). It is frequently undiagnosed before death. It 
would be a rare but possible chance for the diagnosis to be indicated by the appearance of 
the synovial tissues at arthrotomy. 

The question whether haemochromatosis can lead to any disabling articular disease 
remains to be discussed. In my view this is not the case. In each of these joints I have 
examined, in which there was synovial pigmentation as a part of generalised haemochromatosis, 
I have found no associated disease except a mild degree of osteoarthritis such as might be 
expected in any other patient of similar age. Dekkers (1940), however, describes a patient 
with rheumatoid polyarthritis and bronzed diabetes and, incidentally, points out that gold 
therapy was contra-indicated because of the associated liver and kidney damage. The 
concurrence of rheumatoid arthritis and haemochromatosis in this case was probably 
fortuitous. 

There is no evidence that the accumulation of haemosiderin in mesenchymal phagocytes 
stimulates any inflammatory reaction or fibrosis. Examination of many sections of pigmented 
synovial tissues leads me to assume that the deposits of haemosiderin are entirely bland 
in their effect. The view that siderosis is not the cause of the associated liver fibrosis has been 
held for many years and has been confirmed by the recent observations by Herbut and Tamaki 
(1946) on the variable association of cirrhosis, pigmentation and diabetes, and by Wyatt 
et al. (1950) on transfusional siderosis. Synovial siderosis, therefore, whether resulting 
from absorption of blood from the joint cavity or from pigmentation of the joint tissues in 
generalised haemochromatosis, leads per se to no disability. 


SUMMARY 

1. Rusty staining of the synovial membrane is the gross manifestation of loading of phagocytic 
synovial-lining cells and of macrophages in the stratum synoviale with haemosiderin. 

2. Absorption of blood effused into the joint cavities is the commonest cause of such synovial 
pigmentation. 

3. Obvious discolouration of the synovial tissues usually follows only after repeated 
haemarthroses, in such conditions as haemophilia, synovial tumour and in some cases of 
chronic rheumatoid arthritis. 
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4. An identical naked-eye appearance is seen in multiple joints of patients with generalised 
haemochromatosis. 


5. In haemochromatosis the iron-containing pigment tends to be confined to the surface layer 
of cells of the synovial membrane. 

6. The presence of haemosiderin in synovial cells, per se, leads to no disability of the joint 
and is unaccompanied either by inflammatory reaction or fibrosis. Arthritis in a patient with 
haemochromatosis is fortuitous. 


I am grateful to Professor C. J. Polson for material from and information about Cases 1 and 2, and to 
Mr J. Hainsworth for the colour photographs. 
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SPECIMENS FROM THE HUNTERIAN COLLECTION 
R. J. Last, Lonpon, ENGLAND 


4. The Synovial Cavity of the Knee Joint (Specimen S 110 A) 


In this specimen the cavity of the knee joint has been distended gently by an injection 
of coloured gelatin; two bursae communicating with the knee joint have received the injection. 


Posterior view—The semimembranosus bursa is prominent; the semimembranosus tendon 
indents it. This bursa never communicates directly with the knee joint, but always indirectly 


SPECIMEN S 


by way of the bursa under the medial head of the gastrocnemius. Some white fibres lateral to 
the bursa are remnants of the medial head of the gastrocnemius, where it arises from the 
capsule behind the medial condyle of the femur. Beneath these fibres lies the medial 
gastrocnemius bursa, which always communicates with the knee joint. It usually 
communicates, around the medial edge of the gastrocnemius, with the semimembranosus 
bursa, as it does in this case. 

The bursa under popliteus is a thin, sausage-shaped extension of the synovial membrane, 
which lies in a narrow groove between the head of the fibula and the lateral condyle of the 
tibia. Medial to this lies the capsule of the knee joint, attached between the lateral meniscus 


442 THE JOURNAL OF BONE AND JOINT SURGERY 


x 
j 
| 
4 
* 
4 

| 

4 

T 

i 


443 


SPECIMENS FROM THE HUNTERIAN COLLECTION 


and the articular margin of the tibial condyle. The stump of the popliteus tendon can be 
seen lying between this part of the joint and the popliteus bursa. The posterior cruciate 
ligament and the ligament of Wrisberg are exposed by removal of the capsule at the back 
of the joint. The synovial membrane lies well in front of them except high up, near their 
femoral attachments, where a pouch of synovial membrane lies behind them and encroaches 
somewhat on to the popliteal surface of the femur. A loose body in this pouch can escape 
discovery at operation. 


Medial view—The suprapatellar pouch, receiving the articularis genu |subcrureus} muscle, 
is very prominent. It is firmly adherent to the overlying quadriceps tendon. The size of the 


SPECIMEN S 110 A 


semimembranosus bursa can be gauged. It is indented by the tendon of semimembranosus, 
which sends an expansion forwards to the tibial condyle beneath the medial ligament of the 
knee. The slender bursa under the popliteus tendon is seen in profile lying on the head of 
the fibula. The medial ligament of the knee joint is well shown; note that its posterior fibres 
lie obliquely and converge on the medial meniscus, to which they are strongly attached. 
The vertical anterior border of the medial ligament lies free over the meniscus, as will be 
shown in subsequent specimens. 

Part of the ligamentum patellae has been removed; its exact insertion on the tibia is 
well seen, for the infrapatellar bursa and fat pad have been removed. 
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5. The Ligaments of the Knee (Specimen S 95 A) 
The capsule and synovial membrane of the knee joint have been removed. 


Anterior view—The spiral twist of the fibres of the anterior cruciate ligament is well shown. 
In extension of the knee the anterior cruciate ligament becomes not only taut but more tightly 
twisted on itself by the final rotation of the femur into the “ locked ’’ position. 

The ligament of Humphry is a thick band passing between the cruciate ligaments, 


SPECIMEN S 95 A—Posterior view. 


attaching the posterior convexity of the lateral meniscus to the medial condyle of the femur. 
It can be seen lying in front of the posterior cruciate ligament. The anterior horns of the 
menisci are attached by fibrous ligaments to the tibia; that of the medial meniscus is by far 
the more extensive. 

The freedom of the medial ligament of the knee joint is well shown. It is not attached 
to the medial meniscus; indeed, it is separated from it by a bursa. The medial ligament is 
separated from the tibial condyle by a forward expansion from the semimembranosus tendon 
and from the upper tibial shaft by the medial inferior genicular vessels and nerve, and becomes 
attached to the tibia only a hand’s breadth below the knee. The medial ligament is a flat 
band; the lateral ligament is a round cord. 

The tendons of popliteus and biceps femoris have been cut short; note how the latter 
is wrapped around the fibular attachment of the lateral ligament. 
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Posterior view—The tibial attachment of the posterior cruciate ligament extends down to 
the ridge between the condyles of the tibia. The upper part of the posterior cruciate ligament 
is embraced by the ligaments of Humphry and Wrisberg, which attach the lateral meniscus 
firmly to the medial condyle of the femur. 

The lateral meniscus is very mobile. A thin, lax capsule (the “ coronary "’ ligament) 
connects it to the articular margin of the tibial condyle. A portion of the coronary ligament 
has been left in situ. Note that the articular surface of the tibia! condyle curves down 
posteriorly. This allows for free posterior excursion of the lateral meniscus during lateral 


SPECIMEN S 95 A—Anterior view. 


rotation of the femur (Last 1948). On the other hand the articular surface of the medial 
condyle is restricted to the horizontal upper surface of the tibial plateau. 

The posterior borders of the medial ligament converge obliquely towards the posterior 
arch of the medial meniscus, into which they are firmly inserted. The mechanics of the 
attachments and movements of the menisci have been discussed by the writer (1950). 
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Sit James Paget 


Sir James Paget was a great surgeon of commanding authority during the greater part 
of the Victorian era. He was born at Yarmouth on January 11, 1814, the sixth child of 
Samuel and Elizabeth Paget. His father earlier in life was a man of affluence with interests 
in banking, brewing and shipping; in 1817 he was Mayor of the town. All his sons attended 
Mr Bowles’s school and the three elder went on to Charterhouse, but owing to a slump in the 
family fortunes James and the younger sons finished their education privately. James, when 
sixteen years old, started a four and a half years’ apprenticeship to Mr Charles Costerton, 
an active and energetic medical practitioner of Yarmouth. During this period Paget had 
experience of the first epidemic of Asiatic cholera, read many works on medicine, and with 
other apprentices attended a class of osteology. But apart from his strictly professional 
training there were two activities that helped him later as a teacher of surgery. He eagerly 
embarked upon the study of botany, including plant collecting, and he was taught drawing 
and painting by Young Crome. In both of these pursuits he was encouraged by his mother, 
herself a collector, and who had been taught painting by Old Crome, a friend of her husband's. 
Her skill was such that “some of her oil-paintings would anywhere pass for those of her 
master.” James was to make good use of his artistic talent by sketching objects of natural 
history and pathological specimens, and by drawings for his surgical lectures. Furthermore, 
his botanical researches were sufficient to attract the attention of Dr (later Sir William) 
Hooker, with whom he corresponded. In 1834 Charles and James Paget published the 
Natural History of Great Yarmouth, wherein the flora and fauna of the neighbourhood are 
described. James contributed an introduction of thirty-two pages, which reveal his ear‘y 
power of observation and description. Incidentally he touches on a natural preventive 
process of soil and coast erosion: 

‘“ But in few parts of the vegetable kingdom are more interesting cases of the beautiful 
adaptation of the different parts of creation to be found than here. Were it not for the simple 
uninteresting-looking plant, the marram grass just mentioned, it is probable that all the 
country along the coast must long since have been inundated or buried; its long creeping 
roots, extending in many instances for twelve or fourteen feet in length, at a distance of two 
or three inches below the surface, and crossing and matting with each other in every 
direction, effectually bind down the sand blown up from the beach; while the short strong 
foliage prevents its being blown over the land in the neighbourhood, which is thus 
maintained capable of high cultivation.” 

At the end of his apprenticeship he entered St Bartholomew’s Hospital in October 1834, 
when teaching at the school had declined after Abernethy’s retirement. But Lawrence, the 
best scientific lecturer in London, and Stanley were very active in the affairs of the school. 
Paget became closely attached to both; their teaching and example had a considerable 
formative influence upon his development. He worked very hard at his studies, and having 
taught himself German read Johannes Miiller’s Physiologie. His first year at St Bartholomew's 
marked him out as an exceptional freshman. The examinations proved him the best student, 
and in addition he discovered a new entozoon, the Trichina Spiralis. He had noticed that 
some dissecting room subjects had tiny white specks scattered in their muscles. Generations 
of dissectors had seen them and dismissed them as calcified tissue but Paget, accustomed 
to having his curiosity aroused by natural phenomena, collected some of the tiny bodies for 
closer examination. Microscopes were rare; there was none at St Bartholomew's, but he went 


[We are grateful to the Board of Governors of St Bartholomew's Hospital, London, for permission to 
reproduce the portrait of Sir James Paget, painted by Sir John Millais.—Ep1Tor}] 
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SIR JAMES PAGET 447 
to the Natural History department of the British Museum where Robert Brown, the 
distinguished botanist, was using a little single microscope, and Brown courteously allowed 
him the use of the instrument. Paget found that what appeared a tiny calcified body was in 
effect a ‘‘ worm in its capsule.’’ This observation aroused considerable interest. Richard Owen, 
later Curator of the Royal College of Surgeons, read a paper on the trichina, while Virchow and 
others unravelled its life history. “ It infects swine and is taken into the body by the eating 
of uncooked ham or pork, and its sudden multiplication and dissemination into the muscles 
cause intense suffering, high fever, and often death.’’ But the trichina, “‘ once it has become 
encysted in the muscles, undergoes no further change, and gives no clear sign of its presence 
in them.” In his second year Paget was again the leading student, winning several prizes. 
On May 13, 1836, he became a Member of the Royal College of Surgeons. At that time there 
was only one examination for this qualifying diploma. ‘‘ The examination was very simple. 
The ten examiners sat at the outer side of a long curved table. Each in turn, I think, took 
a candidate, and when he had finished, others could ask questions.’’ After qualifying, Paget 
decided to remain in London rather than return to Yarmouth, as his father suggested, although 
there was no prospect of any appointment at St Bartholomew's. He went to Paris for three 
months and attended the lectures and clinics of Roux, Lisfranc, Cloquet and Magendie. On 
his return he had to maintain himself somehow. He tried coaching pupils, but soon found that 
he had neither the gift nor the liking for it, and he gave it up. In 1837 he was appointed Curator 
of the Museum at St Bartholomew's Hospital, then a minor post, for which he received a 
hundred pounds the first year, but on his declining to give his whole time to the work his salary 
was reduced to forty pounds. He combined his museum work with medical journalism. He 
was appointed subeditor of the Medical Gazette, his main work consisting of reports of lectures, 
reviews and translations from French, German, Dutch and Italian Journals. In addition he 
worked under Dr (later Sir John) Forbes on the staff of the Quarterly Review. This was heavier 
and more serious work ; he was responsible for the Annual Reports on the Progress of Anatomy 
and Physiology, which entailed a great deal of careful reading and criticism of world literature. 
Paget spent seven years of waiting at this work, during which his average annual income was 
only one hundred and seventy pounds. Ascetic by inclination and necessity he confessed: “ I 
was at times very poor; but I lived plainly and quietly.’’ These appointments had serious 
disadvantages, for during their long tenure he was cut off completely from clinical surgery. 
But there was also much gain. He acquired a wide knowledge of medical science, was forced 
to be analytical in his judgments and clear in expressing ideas. His curatorship started that 
life-long study of the intimate change in human tissues induced by disease. He revised and 
expanded the museum catalogue of St Bartholomew’s, and in 1842 began his great work of 
writing the Pathological Catalogue of the Royal College of Surgeons Museum. The magnitude of 
the task may be gauged by the fact that he described 3,520 specimens. “ It certainly was 
laborious work and occupied some hours daily for seven years . . . I described every specimen 
as I saw it standing or lying before me; nothing was to be told but what could be then and 
there seen."’ Somewhat less than half of the specimens were Hunterian; these were identified 
by Clift, who as a young man had been John Hunter's devoted assistant; the remainder 
had come to the museum from the collections of Sir Astley Cooper, Liston, Howship, and 
other surgeons. 

Until 1843 Paget had ploughed a lonely furrow; he was poor and the future was 
unpromising. But suddenly that year the tide turned strongly in his favour. He received 
tokens of recognition that were particularly gratifying. First he was appointed Lecturer in 
Physiology, later Warden of the new Residential College for students at St Bartholomew's 
and lastly he was elected an original Fellow of the Royal College of Surgeons at the institution 
of the Fellowship in December. There was however one emotional check to felicity—the death 
of his mother who, apart from maternal affection, had encouraged him in his earlier scientific 
studies. His lectures were carefully prepared both with regard to their substance and form; 
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they were well attended and were spoken about in other schools. Physiology as a science 
was in its infancy. The lectures provided the material for Kirke, Paget’s pupil, to write his 
Handbook of Physiology which many years later developed into Halliburton’s well-known 
text-book. Paget regarded the Wardenship with a sense of responsibility towards the students. 
Hitherto in the school there had been little help or direction given them in their studies, 
but Paget advised them how to work and watched particularly those in College, suffering no 
idleness or dissipation. He confessed: “ I feel almost as if I had thirty sons rather than pupils 
to watch over.’’ His care of them was reflected in their successes in the schools. In one 
winter session there came to him a batch of new students among whom were (Sir) Jonathan 
Hutchinson, (Sir) Thomas Smith, (Sir) William Turner, and Elizabeth Blackwell, a rare 
vintage. 

In 1844 he married Lydia, daughter of the Reverend Henry North, domestic chaplain 
to the Duke of Kent. She was a good musician who had trained under Crotch and Crivelli 
at the Royal Academy. They settled in the Warden’s House; here their children were born; 
their married life was ideally happy. In 1847 Paget was elected Assistant Surgeon to St 
Bartholomew’s Hospital. The same year he was appointed Professor of Anatomy and Surgery 
at the Royal College of Surgeons. ‘‘ It was a great and rare honour for the rule had been 
that some member of the Council should hold the professorship.” He was re-elected annually 
for six years. His lectures were based on the work he had done in the museum during the 
years he was writing the catalogue. They dealt with the general pathology of the principal 
surgical diseases and had the peculiar merit of describing the minute changes in diseased 
tissues as revealed by the microscope. They were published in two volumes in 1853 and are 
among the classics of surgery. Two more editions appeared with the help of Sir William 
Turner, his old pupil. 

In 1851 he resigned the Wardenship and embarked upon private practice, settling at 
Number 4 Henrietta Street, Cavendish Square, a house previously occupied by Sir Thomas 
Watson. His practice gradually increased until at last he had the largest surgical practice in 
London. This same year he was made a Fellow of the Royal Society ; of the fifteen candidates 
elected he was the only one for whom the whole Council voted. Six years Jater he gave the 
Croonian Lecture of the Society “‘ On the Cause of the Rhythmic Motion of the Heart.’’ Early 
in 1858 he moved to Number | Harewood Place, Hanover Square, where he remained for the 
rest of his professional life. In March he was appointed Surgeon Extraordinary to Her Majesty 
Queen Victoria. In 1861 he succeeded Stanley as Surgeon to St Bartholomew’s, and four years 
later was appointed Lecturer in Surgery; he had already resigned his Lectureship in 
Physiology. His surgical class soon became the largest in London. At this period he was 
working, even for him, harder than at any time in his life; there was scarcely any respite. 
In 1871 he had an alarming attack of blood poisoning contracted during a post-mortem 
examination ; at one time his condition was so desperate that his survival was very doubtful. 
When he recovered he was warned to reduce his work. Submitting to this advice he 
reluctantly resigned from the active staff of St Bartholomew's. He was passionately devoted 
to the hospital; his forced resignation was a grief to him. It was twenty-eight vears since 
he had been appointed Warden of the College and during that time he had never ceased working 
for the hospital. He raised the standard of the school by his lectures and his vigilance over 
its affairs so that students came to it in increasing numbers. And as a pioneer of surgical 
pathology he enhanced the prestige of hospital and school. He was appointed Consulting 
Surgeon. Soon afterwards Her Majesty the Queen conferred a Baronetcy upon him. 
Illustrious names have been associated with this most ancient of all British hospitals, but 
there was none more illustrious than James Paget. 

Although the hospital phase of his work was over, his wider fame was only beginning. 
During the twenty active years that remained to him he achieved a position inside and 
outside the profession that had scarcely been attained by any surgeon before him. It was 
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early in this period that he described the two diseases that have made his name familiar 
to every medical student. 

Paget’s disease of the nipple—In 1874 Paget published a paper in St Bartholomew's 
Hosptial Reports on ‘‘ Disease of the Mammary Areola preceding Cancer of the Mammary 
Gland.” It was a short paper, even shorter than that other classic by Colles on fracture of 
the wrist. ‘I believe it has not yet been published that certain chronic affections of the skin 
of the nipple and areola are very often succeeded by the formation of scirrhous cancer in the 
mammary gland. I have seen about fifteen cases in which this has happened, and the events 
were in all of them so similar that one description may suffice. The patients were all women, 
various in age from 40 to 60 or more years, having in common nothing remarkable but 
their disease. In all of them the disease began as an eruption on the nipple and areola. 
In the majority it had the appearance of a florid, intensely red, raw surface, very finely 
granular, as if nearly the whole thickness of the epidermis were removed; like the surface of 


very acute diffuse eczema, or like that of an acute balanitis. . . . But it has happened that 
in every case that I have been able to watch, cancer of the mammary gland has followed 
within at the most two years, and usually within one year. . . . The formation of cancer has 


not in any case taken place first in the diseased part of the skin. It has always been in the 
substance of the mammary gland, beneath or not far from the diseased skin, and always with 
a clear interval of apparently healthy tissue.” 

Paget’s disease of bone—In 1876 Paget wrote the most famous of all his papers, “On a 
form of Chronic Inflammation of Bones (Osteitis Deformans)’’ which was read before the 
Royal Medical and Chirurgical Society of London. It was an exhaustive and complete 
description of the disease; detailed post-mortem findings with results of microscopical 
examinations of the diseased bones were given. He noted the evolution of the disease in a 
patient during the twenty years from its early manifestation to its termination by sarcoma 
of the radius. “I first saw this gentleman in 1856, when these things had been observed 
for two years. Except that he was very grey and looked rather old for his age, he might have 
been considered as in perfect health. He walked with full strength and power, but somewhat 
stiffly. His left tibia, especially in its lower half, was broad, and felt nodular and uneven, as 
if not only itself but its periosteum and the integuments over it were thickened. In a much 
less degree similar changes could be felt in the lower half of the left femur. This limb was 
occasionally but never severely painful, and there was no tenderness on pressure. . . . The 
left femur and tibia became larger, heavier, and somewhat more curved. Very slowly those 
of the right limb followed the same course, till they gained very nearly the same size and 
shape. The limbs thus became nearly symmetrical in their deformity, the curving of the left 
being only a little more outward than that of the right. At the same time, or later, the knees 
became gradually bent, and as if by rigidity of their fibrous tissues, lost much of their natural 
range and movement. The skull became gradually larger, so that nearly every year, for many 
years, his hat, and the helmet that he wore as a member of a Yeomanry Corps needed to be 
enlarged. . . . The shape and habitual posture of the patient were thus made strange and 
peculiar. His head was advanced and lowered, so that the neck was very short, and the chin, 
when he held his head at ease, was more than an inch lower than the top of the sternum. The 
short narrow chest suddenly widened into a much shorter and broad abdomen, and the pelvis 
was wide and low. The arms appeared unnaturally long, and, though the shoulders were very 
high, the hands hung low down by the thighs and in front of them. Altogether, the attitude 
in standing looked simian, strangely in contrast with the large head and handsome features. 
... In January 1876 he began to complain of pain in his left forearm and elbow which, at 
first, was thought to be neuralgic. But it grew worse, and swelling appeared about the upper 
third of the radius and increased rapidly, so that, when I saw him in the middle of February, 
it seemed certain that a firm medullary or osteoid cancerous growth was formed round the 
radius. Still the general health was good. . . . After this time however, together with rapid 
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increase of the growth upon the radius, there were gradual failure of strength and emaciation, 
and on the 24th of March, after two days of distress with pleural effusion on the right side, 
he died. . . . Holding then the disease to be an inflammation of bones, I would suggest that, 
for brief reference and for the present, it may be called after its most striking character 
Ostettis deformans. A better name may be given when more is known of it.” 

But seventy years later no more is known of the origin of the disease nor of its cure. 
Quiet necrosis of Paget— Paget drew attention to the possibility of necrosis of bone 
occurring as the result of trauma without inflammatory reaction; he offered the same 
explanation for the presence of certain loose bodies in joints; pathological conditions which 
are also referred to as avascular necrosis and osteochondritis dissecans. In 1870 he read a paper 
before the Clinical Society of London on “ A case of Necrosis of the Femur without external 
inflammation.”” A woman aged nineteen years was admitted to St Bartholomew's Hospital 
because of pain in the left knee. ‘“‘ What seemed more important was that a hard swelling, 
of which the patient knew nothing, surrounded the middle of the shaft of the femur. The 
swelling felt of nearly ovoid form about six inches in length, it was in every part very firm 
and tense, hard pressure on it was painful especially in its middle part . . . it might be due 
to her frequently breaking thick pieces of wood across her thigh . . . I made an incision about 
six inches long in the outer part of the thigh... . : All the textures cut through down to the 
outer surface of the periosteum appeared perfectly healthy ; there was not in any of them the 
smallest sign of inflammatory change. . .. Between the periosteum and the bone the incision 
laid open a flattened irregular cavity from which a little blood-coloured fluid escaped and 
was followed by the protrusion of some soft substance like coarse granules. In this cavity 
which was from an inch to an inch and a half in its diameter was a thin rough sequestrum, 
separated from the wall of the femur about an inch and a quarter long and a quarter of an 
inch wide. . . . The gentral point of interest in this case is I think in the fact of necrosis, leading 
to separation of bone, being unattended with inflammation of any of the textures external 
to the periosteum or with more than a scarcely discernible amount of suppuration around 
the sequestrum. How unlike this is to the ordinary course of necrosis I need not declare.”’ 

Paget contributed another paper entitled ‘‘On the Production of some of the loose 
bodies in joints.’’ It was published in St Bartholomew's Hospital Reports for 1870. “I 
had occasion to remove a loose cartilage from a knee joint. The patient was sixteen, 
active, athletic, and except at his knee thoroughly healthy. . . . I extracted the loose body 
through a free incision into the joint, and the wound healed without trouble. This body 
looked exactly like a piece of the articular cartilage of one of the condyles of the femur. It 
was irregularly oval in outline, about an inch long, half an inch wide, and a line in thickness. 
On one surface it was convex and smooth, on the other concave and rough, and on this 
surface was a small prominent piece of bone, as if, with the cartilage a piece of the articular 
surface of the femur had separated. The borders of the loose body were smoothly rounded 
off. . . . These loose bodies are sequestra, exfoliated after necrosis of injured portions of 
cartilage, exfoliated without acute inflammation.” 

Paget described certain fibromata, in connection with aponeuroses, fasciae, and tendons, 
which recur with shortening intervals after repeated removal. They became known as 
recurrent fibroid tumours of Paget. They should be regarded as fibro-sarcomata, although 
secondary growths are rare. The pathology of tumours was of continuous interest to him. 
The name fibroplastic had been given to a certain bone tumour which on the continent had 
been separated from others as being different in kind. Paget proposed the name ‘ Myeloid ”’ 
for this tumour because of its multinucleated cells and its origin from bone marrow. 

He also contributed to our knowledge of tendon repair. In 1849 he conducted a series 
of experiments on rabbits. Contrary to the opinion of previous workers in this field he 
concluded that extravasated blood and inflammatory exudate took no part in repair of a 
divided tendon. He maintained that a semi-fluid substance was exuded between the retracted 
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ends of the tendon, which quickly organises, forming a ‘‘ nucleated blastema.”’ ‘‘ In every 
experiment one finds cause for admiration at the manner in which a single well-designed and 
cord-like bond of union is thus gradually formed, where at first there had been a uniform and 
seemingly purposeless infiltration of the whole space left by the retraction of the tendon.” 

A clinical lecture by Paget on ‘‘Cases that bone-setters cure,”’ delivered in 1867, attracted 
considerable attention. He indicated the clinical type of joint that would benefit by 
manipulation, which should always be carried out under anaesthesia. He concluded by 
saying: “Learn then to imitate what is good and avoid what is bad in the practice 
of bone-setters. . . . Fas est ab hoste doceri which is in no calling wiser than ours.” 

During the last period of his professional life Paget received all the highest honours. 
He occupied the chairs, at one time or another, of the Clinical Society, the Royal Medical 
and Chirurgical Society and the Pathological Society of London. He was elected to the 
Council of the Royal College of Surgeons in 1865 and was President ten years later. His 
delivery of the Hunterian Oration in 1877 was a memorable occasion. He spoke with amazing 
eloquence to an audience that included H.R.H. the Prince of Wales, Gladstone, Dean Stanley, 
Lord Acton, Huxley and Tyndall. He paid tribute to John Hunter, who through no external 
advantage but through the force of his scientific mind, exercised a vast influence on surgery 
and made of it a profession commanding public respect. Paget was Bradshaw Orator in 1882, 
and for a time was Vice-Chancellor of London University. In 1867 he became Sergeant 
Surgeon to Her Majesty the Queen. He reached the climax of his career in 1881 when he was 
President of the International Congress of Medicine held in London in that year. Those 
taking part in the discussions included Pasteur, Virchow, Charcot, Esmarch, Koch, 
Langenbeck, Volckmann and Ollier. The Inaugural Address of Paget was impressive. 

His sound knowledge of morbid anatomy and his stress on the scientific basis of surgery 
made him a link between John Hunter and modern surgeons. His tact, courtesy, integrity 
and great eloquence made an appeal to the social world where he counted as his friends 
leading figures of church and state in Victorian England. He was the recipient of honorary 
degrees from many universities, and was an honorary member of several scientific societies 
at home and abroad. He retired from practice in 1893 and went to live at Number 5 Park 
Square West, Regent’s Park. Here he died on December 30, 1899. He held settled religious 
convictions all his life; in the last hours of consciousness he received Holy Communion from 
his son the Bishop of Oxford. The first part of the funeral service was in Westminster Abbey, 
where he had borne the pall for Tennyson and Browning. He was buried in Finchley Cemetery. 

Sir James Paget was one of the greatest of English surgeons. By precept and example 
he exercised an immense influence amongst surgeons of the Victorian era and he handed on 
the torch of scientific surgery which was lit by John Hunter. 

ARTHUR ROCYN JONES. 
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IN MEMORIAM 


PAUL GUILDAL 
1882-1950 


Orthopaedic surgeons in Denmark have suffered a great loss through the death of Paul 
Guildal, who died on December 26, 1950, aged sixty-eight vears. 

Guildal’s work within Danish orthopaedics represents an epoch that is characterised by 
life and development. Thanks to a good surgical training and five years’ work with Slomann, 
he introduced new ideas into the curative treatment of the orthopaedic patients at the Home 
for Cripples—a new code after Panum’s long and eminent work from 1908 till 1919. It is 
given to but few of us to understand how great was the change when Guildal stepped in and 
with kindliness coupled with firmness carried out the necessary changes in the Society’s 
organisation. An examination of the many lectures he gave, of the discussions in which he 
took part and of the papers that he wrote in the medical press illustrates the problems and 
currents that have prevailed in orthopaedics in Denmark since 1919. Many of these problems 
are still being debated. 

The portrait of Guildal as the leading man in our profession is characterised by his wide 
knowledge of surgery, his love for classical orthopaedics and his distinctive practical mind 
and mechanical dexterity. But there was another aspect of his character, one that is of value 
to us in our further work with crippled patients. When we saw the apparently hopeless cases 
and badly disabled patients, scarcely able to move in their beds—sequels to polyarthritis, 
poliomyelitis or spinal paralysis—Guildal taught us not to give up in such cases but to stick 
to the attitude which has characterised our hospital: failing the ideal result of treatment, 
then a result that is of practical significance to the patient will be a fine goal. The infinite 
patience required must settle upon the surgeon and the patient himself, and the surgeon 
must not believe he can rebuild function rapidly. Treatment calls for planning and, if the 
situation changes, improvisation. 

Orthopaedic work is not confined to disease; it also means helping and guiding the 
patients over the difficulties that are conditioned by the disease. In that respect Guildal’s 
work was well worthy of emulation. In this branch of the work he also understood that in 
time old Hans Knudsen’s idea—the orthopaedist, the surgeon and the social helper all united 
in the same person—would have to be dropped. So many and different are the demands 
made that these three cannot be one and the same person, and therefore it was also a 
harmonious termination to his career that in the latter years he devoted himself to the social 
work within the framework of our institution. In conformity with his character and conception 
of life, which was adverse to conflict and in favour of compromise, his work took such a form 
that his epoch became a smooth transition from the old, classical orthopaedics to the modern 
science characterised by reconstructive surgery and collaboration with the appliance maker, 
the physiurgist and the neurologist. He watched this development with pleasure and saw 
that the future would follow along the same path. 

If Guildal performed a great and unselfish work in many other fields in the service of 
the community, it was a reflection of a rich and sensitive heart; but his paramount interest 
lay in orthopaedics, especially its growth, and he took a particular interest in training young 
orthopaedic surgeons. He recognised that in a small country like Denmark a specialist could 
not be satisfactorily trained by concentrating upon a single department; our surgeons must 
go to other countries to learn. Guildal’s work clearly bore the impress of what he had learned 
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IN MEMORIAM 


abroad; his temperament and his philosophy made it natural for him to seek guidance, 
especially in France, England and America. He crystallised these views by establishing a 
memorial fund, of which the interest is shared out among young orthopaedic surgeons to 
enable them to study abroad. One can scarcely imagine a finer memorial or better proof 
that in his work there was love, and behind his doings there were realities. 

Paul Guildal was a good man for Danish orthopaedics, and we shall remember him as 
the leader of the hospital of this institution. >. KR. 


PETER GORDON ESSEX-LOPRESTI 
(1916-1951) 


Peter Essex-Lopresti, a consultant surgeon to the Birmingham Accident Hospital, died 
suddenly at his home on June 13 at the age of thirty-five. All that day and indeed throughout 
the previous night he had been hard at work meeting the busy responsibilities in his chosen 
field of accident surgery. He set his standard in surgery and in life itself at a very high level 
and his spirit and practical ability enabled him to meet that standard. 

His contributions to surgical literature were many and noteworthy for one so young. 
“The Hazards of Parachuting ” was based on his experience as a surgeon with an airborne 
division during the last war. His paper on ‘“‘ The Open Wound in Trauma ” (Lancet 1950) 
will be read for some years to come. This year he was awarded a Hunterian Professorship 
for his paper on “ The Treatment of Fractures of the Os Calcis,” and it too will keep his 
name alive. i 

Mr Essex-Lopresti was a pianist of some brilliance and his interests were wide and 
varied. The organisation of his hospital's postgraduate teaching owes much to his 
administrative ability. Peter is dead, but the memory of the man, his happy comradeship, 
his loyalty, his work and his ideals will live. He leaves a wife and two young children. 

W. G. 
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PROCEEDINGS AND REPORTS OF UNIVERSITIES, 
COLLEGES, COUNCILS AND ASSOCIATIONS 


GREAT BRITAIN 


THE KING’S BIRTHDAY HONOURS 


Mr H. J. Seddon—Three years ago we recorded that Mr H. J. Seddon had resigned his Nuffield 
Professorship at Oxford to accept an invitation to become Director of Studies in the Institute of 
Orthopaedics of the British Postgraduate Medical Federation and Clinical Director of the Royal 
National Orthopaedic Hospital (Journal of Bone and Joint Surgery, 30-B, 574}. He has now 
become a Companion of the Order of St Michael and St George (C.M.G.). This honour will have 
the approval of all orthopaedic surgeons and gives occasion to recall his pioneering contributions 
to orthopaedic development in the Colonies. In 1943 there was added to the tribulations of Malta 
an epidemic of poliomyelitis, to help deal with which the Colonial Office despatched Seddon, whose 
reports on the outbreak are well known. In 1945 he made a less perilous journey to Malta and to 
Mauritius, which was similarly smitten, and started an orthopaedic service in both colonies. He 
became a member of the Colonial Advisory Medical Committee and, in 1946, shared in the 
establishment of a panel of consultants in medicine, surgery, obstetrics and gynaecology, child health, 
orthopaedics, tropical medicine, public health, tuberculosis, venereology, and ophthalmology; the 
members of this panel undertake triennial visits to Africa, six visiting the East African colonies 
each year, and six the West. Besides his contributions to the advance of orthopaedics, Seddon 
has thus done much towards colonial betterment. 

Mr E. Stanley Evans—We have great pleasure in recording that Mr E. S. Evans has become 
a Commander of the Order of the British Empire (C.B.E.). Like Seddon, Evans is one of that 
band of St Bartholomew's men who, receiving early inspiration 
from R. C. Elmslie, have since achieved distinction in 
orthopaedics. After qualifying in 1927 and serving as House 
Surgeon in the general and orthopaedic departments at 
Bart’s, he entered the hospital service that the London 
County Council then administered. At Queen Mary's Hospital 
for Children, Carshalton, he was much influenced by Pugh, 
whose contributions to conservative orthopaedics are too little 
known. After a spell as Medical Superintendent of Heather- 
wood Hospital, Ascot, he succeeded to the same post at 
Carshalton, where he worthily upheld the Pugh tradition. In 
1946 he was appointed to succeed Sir Henry Gauvain at Lord 
Mayor Treloar’s Hospital, Alton. A good and invariably 
audible speaker, a first-class administrator, an understanding 
man and a wise counsellor, he has given a very great deal of 
time to problems of the cripple, and for some years he has 
been Chairman of, and Honorary Orthopaedic Surgeon to, the 
Queen Elizabeth Training College for the Disabled, Leather- 
head, and Vice-Chairman of the Central Council for the Care 
nonggincens of Cripples. Stanley Evans’s honour crowns many years of 


Mr E. Stanley Evans, who receives 
the C.B.E. disinterested, unostentatious and valuable public service. 


MEDICINE IN BRITAIN IN THE FESTIVAL YEAR 1951 


SYMPOSIA ORGANISED JOINTLY BY THE ROYAL SOCIETY OF MEDICINE 
AND THE BRITISH MEDICAL ASSOCIATION 


Symposia dealing with all aspects of medical science, organised jointly by the Royal Society 
of Medicine and the British Medical Association, were presented at the House of the Royal Society 
of Medicine in London between June 4 and July 9, 1951, to mark the occasion of the Festival of 
Britain. The opening ceremony on June 4 was performed by Major-General the Earl of Athlone, 
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Chancellor of the University of London, who was accompanied by Princess Alice, Countess of 
Athlone, Chancellor of the University of the West Indies. 


The Peripheral Nervous System 


The meeting devoted to the peripheral nervous system was held on June 4, 1951, under the 
chairmanship of Sir Henry Dale. 


Transmission in sympathetic ganglia—Professor G. L. Brown (London) recalled that the 
present conception of ganglionic transmission—as also of neuromuscular transmission—was that 
efferent nerve fibres transmit their impulses by liberation of acetyl-choline. He described recent 
work on ganglionic transmission in the inferior mesenteric ganglion of the rabbit. In this ganglion 
there was a relatively long period of delay, the cause of which had not yet been determined. 


The response of the motor end-plate to a nerve impulse—Dy B. Katz (London) described a 
method of investigation in which a micro-electrode was inserted into a single muscle fibre and the 
electrical potential measured. There was a constant resting potential in each muscle fibre. 
Stimulation of the fibre caused a temporary reversal of potential and at the same time resistance 
of the fibre membrane was lessened. Studies of end-plate potentials supported the accepted theory 
of chemical transmission of nerve impulses by acetyl-choline. 


Special mechanisms of neuromuscular transmission—Dy W. S. Feldberg (London) described 
the mechanism of neuromuscular block resulting from various agents. Curare caused neuromuscular 
block by reducing the sensitivity of the end-plate to acetyl-choline, which was produced in normal 
amount. Eserine and prostigmine, by prolonging the activity of the liberated acetyl-choline 
(through suppression of the cholinesterase that normally destroys the liberated acetyl-choline), 
were effective antidotes. Block from the toxin of botulinum was due to a different mechanism, 
namely, deficient liberation of acetyl-choline at the nerve ending. A third mechanism was operative 
in decamethonium paralysis. Here the block was caused by too strong depolarisation of the 
end-plate, leading to inexcitability of the muscle fibre. Anticholinesterases (eserine and 
prostigmine) were not antidotes to this poison. 

Myasthenia gravis was a disorder of neuromuscular transmission clinically resembling partial 
curare paralysis. Whether the defect was an insensitivity of the motor end-plates to acetyl-choline 
(as in curare paralysis) or inadequate liberation of acetyl-choline at the nerve ending (as in 
botulinum toxin paralysis) was uncertain. 


The enzyme at the endings of post-ganglionic sympathetic nerves—Professor ]. H. Burn 
(Oxford) reviewed the evidence in support of the theory that transmission of impulses at the 
endings of post-ganglionic sympathetic nerves is by liberation of noradrenaline. He produced 
further evidence to show that noradrenaline, having done its work, is normally destroyed by an 
enzyme, amine oxidase, which corresponds to the cholinesterase of the cholinergic nerves. 


Size of nerve fibres—Professor ]. Z. Young (London) discussed the significance of differences of 
diameter of nerve fibres. It was established that conduction velocity was greatest in thick fibres. 
When a fibre regenerated after injury its diameter was at first small, but in favourable conditions 
many fibres subsequently became larger. 


Recent advances in the repair of injured nerves—.V/r H. /]. Seddon (London) summarised 
conclusions drawn from experience in the treatment of peripheral nerve injuries during and after 
the second world war. He emphasised the harmful effects of undue delay in repairing a divided 
nerve. These were: 1) decline in activity of the Schwann cells at the suture line; 2) shrinkage of 
Schwann tubes; 3) disappearance of motor end-plates; 4) atrophy and fibrosis of muscle; 5) possibly 
atrophy of sensory nerve endings; 6) shrinkage of the nerve trunk, making repair physically 
difficult. Primary suture would be theoretically ideal, but in practice delay of about three weeks 
was advisable because it facilitated accurate assessment of the extent of intraneural damage and 
scarring, upon which depended the length of nerve to be resected. The policy advocated was as 
follows. Open wounds—Explore the nerve without delay in all open wounds complicated by nerve 
injury. If the nerve is found divided, approximate the ends but do not perform definitive suture. 
Three weeks later expose the nerve, resect the damaged segment (the extent of which is now 
apparent) and suture. Closed injuries—In most cases spontaneous recovery occurs (traction 
injuries excluded); therefore avoid immediate exploration. If no recovery is noted within the 
expected time (deduced from length to be regenerated), explore. Tveatment of lesions in continuity— 
Rely on appearance and feel of the nerve in deciding whether or not to resect and suture a nerve 
damaged in continuity. If nerve soft and pliable, avoid resection. if the nerve feels hard, whether 
or not it is greatly thickened, incise superficial (fibrous) layers of the trunk down to bundles to 
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assess degree of fibrosis. If fibrosis extends deeply into the nerve, resect and suture. Extensive 
defects—Bridging of a gap by extensive mobilisation of the nerve ends and flexion of the joint 
only advisable for relatively short defects. If the defect is large the stretching when the joint 
is later extended will lead to extensive intraneural damage. A critical resection length for 
each nerve has been worked out. When a defect exceeds the critical resection length it should be 
bridged by a nerve graft. Nerve grafts—Homografts and heterogenous grafts are useless. 
Autogenous grafts are reliable provided the diameter of the graft is small and the bed vascular. 


The anatomy of pain sensibility— Dy D. C. Sinclair (Oxford) said that the original conception 
of specific receptors and end-organs for each sensation, with individual nerve pathways to the 
brain, was not supported on anatomical grounds, except in so far as pain was concerned. Pain 
was mediated by a plexus of naked nerve fibres in the form of a beaded network, but specific 
receptors for other sensetions had not been proved. It was possible that specific receptors for 
each sensation did in fact exist but that they looked alike as far as they were perceptible by the 
histological methods at present available. On the other hand it was possible that the beaded 
network associated with pain sensibility was itself the organ for reception of other sensations as 
well. In that event the original theory of specific receptors might have to be abandoned. An 
alternative theory postulated that a stimulus gives rise to a volley of impulses, the pattern of which, 
as received by the brain, gives the appropriate sensation. There were, however, anatomical 
objections to this theory also, and further work was necessary before definite conclusions could 
be reached. 
Plastic Surgery 

The meeting devoted to plastic surgery was held on June 12, 1951, under the chairmanship, 

in the morning, of Sir Gordon Gordon-Taylor and, in the afternoon, of Sir James Paterson Ross. 


Cancellous chip bone grafts—My Rainsford Mowlem (London) outlined the development of 
cancellous chip grafting and gave an account of its uses in orthopaedic and plastic surgery. In 
some early experimental work undertaken during the recent war, defects of the tibial shaft had 
been bridged by filling them with cancellous bone chips, without any attempt being made to provide 
rigid internal fixation. The results were so encouraging that the method was quickly adopted by 
orthopaedic surgeons who, however, had further developed the technique by combining the 
insertion of cancellous bone chips with some form of internal fixation. Mr Mowlem regarded 
transplanted cancellous bone as a biological material, of which a proportion of the living cells 
survived; it was not simply a scaffolding upon which new bone was formed by “ creeping 
substitution ""—a view that was supported by the rapidity with which the grafts consolidated 
and by their resistance to minor degrees of infection. He advised against cutting the bone into 
very small fragments, a practice which in his opinion prejudiced the survival of the osteoblasts. 
He thought that the ultimate fate of cancellous chip grafts depended upon the function that the 
bone had to serve. If it had a useful function it would persist and adapt itself to that function; 
but if it served no useful function—as did a graft transplanted experimentally into a muscle belly— 
it was likely to be absorbed. 

In filling large bone cavities such as those i.om gunshot wounds or osteomyelitis the two 
essentials were, first, to get rid of the underlying infection (when necessary, by preliminary 
split-skin grafting of the cavity after thorough saucerisation), and secondly, to ensure adequate 
skin cover. 

Reconstruction of the burned face—Siry Archibald McIndoe (london) said that during the 
recent war 200 of 4,500 burnt airmen required almost total reconstruction of the face. The average 
time in hospital for these 200 was three years and they required, between them, 3,000 operations. 

Flash burns were usually of first or second degree but flame burns, which were especially 
common in airmen, and contact burns were frequently of third degree. The modern treatment of 
the burnt face entailed the abandonment of coagulative dressings for open treatment with saline 
baths and dressings over single layers of tulle gras. Strict cleanliness, gentleness with the dressing 
and early removal of sloughs were essential principles. The first objective was early epithelialisation 
of the face. This should be achieved within two to five months and during this period four major 
difficulties were liable to be encountered: ectropion leading to blindness, microstoma, suppurative 
chondritis, and osteomyelitis of the skull. When epithelialisation had been completed, the patients 
were discharged temporarily for rehabilitation. It was then necessary to form a definite plan for 
later operative treatment. This should not begin before six months. Demoralisation was a 
great danger and it was of the greatest importance to explain carefully to the patients the plan 
of treatment which lay ahead. 

There was a choice of three methods. 1) Excision of the keloidal scar tissue and free grafting. 
Before this was begun it was important to do a trial or “ pilot’’ operation to ensure that 
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the patients did not react adversely to free grafting. 2) Pedicle grafts alone. 3) Combination of 
both methods. The best plan had proved to be free grafting of the face (for that gave better 
expression than flap grafting), an acromio-thoracic pedicle for the nose, and dermatome grafts 
for the skull. Patients in whom free grafts became contracted required all-over pedicle grafting. 
It was important to deal with the eyelids first, and then the lips, cheeks, chin, neck, nose and ears 
in that order. Trimming followed later. 

Sir Archibald illustrated his paper with slides of clinical photographs which filled one with 
admiration for his surgical skill and courage in the treatment of these appallingly difficult surgical 
problems. 


Orthoplastics in industry—Mr Rainsford Mowlem (London) defined the word orthoplastics as 
the co-operation between orthopaedic and plastic surgery. When deficiency of structure demanded 
both orthopaedic and plastic surgery, treatment was better done by a team than by the creation 
of a specialty of traumatic surgery. Mr Mowlem illustrated these remarks with slides of cases. 
He then spoke of functional re-education after injury. This should begin after initial treatment. 
He stressed that the easy job for a man is that for which he has been previously trained 
and that his interest would be more easily aroused by again doing his own job. It was possible to 
arrange in very many cases for an injured man to do his own job at a machine specially adapted 
so that his physiotherapy could be combined with his work. His interest was then distracted 
from the injured limb, the use of which became part of the job which he was performing. This 
ideal had been achieved in the remedial workshops at the Luton and Dunstable Hospital and at 
Vauxhall Motors. 

Mr L. W. Plewes (Luton) emphasised the necessity for co-operation between orthopaedic 
and plastic surgeons to obtain the ideal recovery of perfect function in severe hand and limb 
injuries and after skin loss. Speaking of infected hands, Mr Plewes said that he was now treating 
them by direct incision over pus rather than by the classical incisions. The more serious hand 
infections and injuries required admission to the remedial workshop at the hospital, from which 
they proceeded to the workshop at the Vauxhall Works. Specially adapted machines were available 
for all types of remedial exercises. In this connection he acknowledged the pioneer work of Gissane. 
The Vauxhall Motor rehabilitation film was shown. 


Poliomyelitis 


Poliomyelitis was discussed at a meeting held on June 18, 1951. The Chairman, Dr F. M. R. 
Walshe, introducing the openers, spoke of the greatly widened interest in poliomyelitis that had 
been forced upon us by the unprecedented epidemics of the disease that had occurred since 1947. 
Poliomyelitis viruses—Dyr F. O. MacCallum (London) recalled that the human poliomyelitis 
virus was the smallest virus known. Three immunological types had been identified. Except in 
the case of the Type 1 (Lancing) virus, with which mice could be infected, certain monkeys 
and chimpanzees were the only animals susceptible to human poliomyelitis; research was therefore 
difficult and expensive. It was not possible to grow the virus on artificial media, although a recent 
advance had been the successful growth of virus in vitro on a tissue culture. Such methods would 
provide greater quantities of virus for complement fixation tests and neutralisation tests. With 
regard to immunology, most of the work had been done on the Type 1 (Lancing) virus which 
could be tested for in mice. In temperate climates there was a high incidence of antibodies to this 
virus in children of about twelve years of age. These antibodies were thought to last at least 
twenty years. Type 1 virus probably had high infectivity but low virulence. Antibodies to one 
type of virus had not been shown to give protection against virus of another type. An explanation 
for the recent large epidemics in this country might be that a new type of virus (possibly Type 2) 
has been introduced. 

Early symptomology—Dr D. McAlpine (London) described very clearly the early clinical 
features of infection with poliomyelitis viruses. He emphasised that paralysis was a rather rare 
complication of infection with the virus. He recognised three forms of infection: 1) abortive form— 
about 70 per cent; 2) non-paralytic form—about 30 per cent; 3) paralytic form—l1 to 2 per cent. 
The abortive form was characterised by fever, occasionally headache, and influenza-like pains in 
the limbs or back, with full recovery within two to seven days. The non-paralytic form gave rise 
to similar general symptoms, plus symptoms of nervous system involvement such as more severe 
headache, marked back pain and severe pains in the limbs with a feeling of stiffness and cutaneous 
hyperaesthesia (a significant finding). Nystagmus was a common sign of brain-stem involvement 
Increased cells and protein might be present in the cerebro-spinal fluid. In the paralytic form the 
foregoing symptoms were present in marked degree and were followed by paralysis of widely 
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varying extent. Paralysis was often preceded by depression of tendon reflexes. The ascending 
type of paralysis, beginning in the legs and progressing upwards, was dramatic and often fatal. 
Encephalitic type of poliomyelitis took various forms: common features were excitement, 
cerebellar symptoms, sleep and nystagmus. 


Treatment in the early stage—Dy W. H. Kelleher (London) outlined the management of the disease 
in the early stage. Suspected cases without paralysis could be nursed satisfactorily at home. There was 
no specific treatment. In the pre-paralytic stage rest was, of course, advisable although he was 
somewhat sceptical of the view that if a muscle was exercised in the pre-paralytic stage it was liable 
to be severely paralysed, and vice versa. In the paralytic stage rigid splintage was unnecessary; 
prolonged over-stretching of weak muscles could usually be avoided by sensible positioning 
in an ordinary bed, with frequent changes of position. Hot moist packs were useful for muscle 
“spasm "’; but relaxation by curare was not recommended. Angiospasm might be relieved by 
suitable vessel relaxants, which were worth a trial. Physiotherapy—passive movement as early 
as possible within the limits of pain—was important. Retention of urine was common; if it was 
not relieved by antispasmodics, catheterisation was necessary. Fortunately recovery within a 
few days or weeks was usual. Respiratory failure demanded the use of the respirator before severe 
dyspnoea had set in. Research was needed into the design and control of respirators to avoid 
such complications as hyperventilation, etc. A speed of fourteen or so impulses per minute was 
adequate. 


Treatment in the convalescent stage— Myr H. J. Seddon (London) made a strong plea for a 
realistic approach to the problem and a simplification of treatment. Recovery from poliomyelitis 
was a spontaneous affair and the clinician could do no more than eliminate unfavourable conditions 
while recovery was taking place. The return of useful voluntary power was usually over within 
six or eight months from the date of onset. Carefully recorded muscle charts were the best guide 
to progress. 

Mr Seddon discussed the possible causes of the painful limitation of movement that was seen 
so often and which might persist for many weeks. The nature of the phenomenon was not 
understood. The ‘‘ spasm ”’ usually disappeared spontaneously but relief might be hastened by 
applications of heat or by sympathetic paralysants. Passive movements should be started at the 
earliest convenient time in order to maintain full muscle length and to prevent the development 
of deformity. Early movements were not harmful, and there seemed no justification for treating 
affected muscles with peculiar tenderness and resting them for prolonged periods as had been 
done in the past with disastrous consequences. Splints were required only to prevent vicious 
postures and overstretching and the chief indication for using them was in young uncooperative 
patients. 

Active exercises should be begun about six weeks after the onset. By that time the specific 
changes in the spinal cord had run their course. There were four reasons for employing exercises. 
1) If, as was possible, there was damage to the internuncial neurones, a re-routing of voluntary 
impulses in the cord might conceivably result from specific muscle training. 2) A superimposed 
functional paralysis was not uncommon and was less likely to occur if judicious re-education was 
started early. 3) Trick movements should be cultivated where necessary. 4) When neurological 
recovery was over, it was possible to produce useful hypertrophy of remaining muscles by the 
same process as occurs in athletic training. The most useful forms of exercise were those performed 
with slings and springs, and in a water-bath. 

In general, patients with upper limb paralysis should get up six weeks after the onset. Patients 
with trunk and lower limb involvement should usually begin to walk about at three months, at 
first in a deep pool, and with supportive appliances as found necessary. In patients who had any 
prospect of moving about the main treatment ought to be completed within eight months. After 
that time treatment, if necessary, should be carried out in the out-patient department and should 
be directed entirely to securing the greatest possible hypertrophy of remaining muscles, as in 
athletic training. 


Epidemiology of poliomyelitis—Dy A. M. Gale (Bristol) reviewed the various epidemics of 
poliomyelitis that had been recorded in England and Wales. He recalled that since notification 
had been made compulsory in 1912 there had been minor outbreaks most years till 1946, with 
larger outbreaks in 1926 and 1938. But in 1947 there was an unprecedented attack in which the 
incidence was 18 per 100,000 compared with the previous highest incidence of 4 per 100,000. The 
incidence had been heavy in each subsequent year, especially in 1949 and 1950. At the same time 
there had been a significant change in the age distribution: whereas previously only about 7 per 
cent of cases occurred in patients over fifteen years of age, in recent epidemics this figure had 
been nearer 30 per cent. 
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Discussion—In the discussion that followed the symposium some anxiety was expressed on the 
question of immunisation programmes for diphtheria, etc., in view of the reported occurrence of 
poliomyelitis after inoculation. It was felt by some that such programmes should be curtailed 
during an epidemic of poliomyelitis and should be concentrated in the ‘‘ off-season ’’ of poliomyelitis, 
as should the performance of routine tonsillectomy. 


Burns 
A discussion on the various problems associated with the treatment of burns was held on 
June 19, 1951, under the chairmanship of Dr Leonard Colebrook. 
The problem of fluid replacement—Dy /. P. Bull (Birmingham) emphasised the dangers of 
loss of fluid into the extracellular space, and the importance of adequate replacement, preferably 
by plasma, to counteract continuing leakage. ‘‘ Dextran ’’ might prove a useful substitute for 
plasma. 
The control of infection— Dr FE. ]. L. Lowbury (Birmingham) spoke of the dangers of infection, 
which delayed healing and impaired the success of skin grafts. Preventive measures in use at the 
Birmingham Accident Hospital included: 1) earliest possible treatment; primary excision and 
immediate grafting when practicable; 2) strict aseptic technique for dressings; 3) protection of 
burns in the wards by penicillin cream and ample dressings; and 4) isolation of patients carrying 
streptococcus pyogenes and pyocyaneus. Local application of “‘ polymixin E’’ had conferred 
a useful degree of protection against pyocyaneus and coliform infections. 


Physical signs which indicate the need for grafting—Mr D. MacG. Jackson (Birmingham) 
emphasised the value of early skin grafting. He advocated immediate excision of slough and 
grafting for full-thickness skin burns. He described a method of diagnosing burns involving full- 
thickness skin by testing for sensation. He stressed that the appearance of the burn was no 
indication of its depth. He advocated mapping out islets of living skin and burnt area by testing 
sensation to pinprick. Caution was necessary, however, in the interpretation in very deep partial- 
thickness and some superficial chemical burns when analgesia might be present, but healing would 
occur. Burnt skin should never be excised if there was doubt whether partial- or whole- 
thickness skin was involved. A late physical sign at about seven days was fine red stippling of 
the burnt area; this indicated that healing would take place. 

Early skin grafting— Dr W.P. D. Ross (Birmingham) said that one could perform primary excision 
and grafting without bacteriological control only within six hours. After that, one should 
wait for the result of culture. The greatest area which could be treated in that way was about 
12 per cent in adults and 10 per cent in children. Primary excision and grafting was indicated 
particularly in full-thickness skin burns of the face and hand. Medium-thickness split-skin grafts 
were stuck on with fibrin, not sutured. When tendons were exposed flap-grafting was indicated. 
Firm dressings were applied, the limb was elevated, and plaster of Paris was used for light splinting. 
Failed areas were regrafted as soon as possible. Any spare skin from donor areas was stored in the 
refrigerator for later use. He strongly advocated grafting as early as possible in large burns. No 
skin must be wasted and every donor area must be used in extensive burns. 


The use of homografts for extensive burns—.\V/y Rainsford Mowlem (London) discussed the 
problem of getting enough skin to graft the patients whom modern resuscitation had saved. 
Homografts would persist for seven days and then gradually disappear; subsequent ones lasted a 
lesser time. It had been suggested that irradiation would prolong survival but it was doubtful if 
it was safe. With the use of cortisone homografts tended to persist for half as long again, and 
they increased their surface area by sixteen times by spreading. It had been found that autografts 
would grow under homografts without an intermediate period of ulceration, gradually replacing 
the homograft. Mr Mowlem had used alternate strips of homograft and autograft placed side by 
side in cases requiring extensive grafting. The results had been satisfactory and he thought that 
the method had possibilities. 

The exposure method of treating burns—Myr A. B. Wallace (Edinburgh) described the 
exposure method of treating burns. He said that the essentials of the technique were: systemic 
antibiotics; full exposure of the burnt area to keep it dry and cool, and as much immobilisation 
as possible. In superficial burns the crusts on the exposed burns would separate after three weeks, 
leaving a healed surface. In deep burns the slough must be removed at about the same time and 
the area grafted. He recommended as first aid that burns should be left alone and a clean sheet 
wrapped over the part. At the first dressing the burn was swabbed with “ cetrimide,’’ blisters were 
removed and the area was dusted with lactose powder containing 10,000 units of penicillin per 
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gramme. The powder was repeated four-hourly. One and a half million units of penicillin daily were 
administered systemically for six days. In deep burns the crust and underlying slough were 
excised and the area grafted. The correct sequence was “ crust, skin ’’; there should never be 
a raw surface. He emphasised the necessity for training teams practised in quick s/kin cover. 
In brief, the advantages of the exposure method were: improved control of infection; che patient 
was more comfortable; anaemia and hypoproteinaemia were less severe. 


Neurosurgery 

The care of the paraplegic patient—Myr L. Guttmann (Stoke Mandeville), speaking in the 
symposium on neurosurgery held under the chairmanship of Professor Sir Hugh Cairns on June 21, 
1951, referred to the recent changes of ideas on the treatment and prognosis of spinal paraplegics. 
He emphasised that the defeatist attitude which had hitherto been adopted by most members 
of the medical profession was no longer justified. Modern methods of treatment had proved that 
not only can the expectation of life for these patients be greatly improved but a degree of functional 
recovery can be achieved which, a few years ago, would have seemed impossible. Segregation of 
paraplegic patients into special units was important. The most important complications were 
pressure sores, urinary infections, and intractable spasticity. All pressure sores could be caused 
to heal either by conservative treatment or, when indicated, by operation. Recent experience at 
the Stoke Mandeville Spinal Centre suggested that suprapubic cystostomy was not the method 
of choice for the care of the paralysed bladder. In most cases contractures resulting from 
spasticity could be prevented by proper positioning in the early stages; in a few, intrathecal 
injection of alcohol was recommended. The better understanding of the principles involved in 
rehabilitation had led to the inclusion of sport and regular work as part of the programme. Over 
70 per cent of the patients discharged from the Stoke Mandeville centre were in remunerative 


employment. 


Orthopaedics 
The meeting devoted to orthopaedic surgery was held on June 22, 1951, under the 
chairmanship of Mr S. L. Higgs. 


Unusual malignant tumours of bone—Sir Harry Platt (Manchester) said that most malignant 
bone tumours conformed to well recognised clinical types. Thus tumours of the osteogenic sarcoma 
group were predominantly extra-osseous, arose in the metaphysis, and showed a predilection for 
certain long bones. But cases may be atypical, and he presented details of four such cases. The 
first was an osteogenic sarcoma arising at the mid-shaft of the tibia, with a secondary osteogenic 
sarcoma, presumably a metastasis, in the clavicle. In that group of tumours metastasis to other 
bones was uncommon. The second atypical case was that of an osteogenic sarcoma, again of 
the shaft of a long bone, in which there was an exceptionally long prodromal stage before 
a diagnosis of malignancy became apparent. The third case was that of an osteogenic sarcoma of 
the upper end of the femur in a child of five years, with survival for thirteen years after 
disarticulation at the hip, and the child still alive. The final case history was that of a slowly 
growing osteogenic sarcoma of the sclerosing type invading the tarsus. The tumour had been 
regarded as innocent for some time and had later spread through the limb by the lymphatics. 

Referring to plasma-cell tumours, Sir Harry spoke of an unusual case in a woman aged 
fifty-two years with a spontaneous fracture of the upper third of the right femur. The lesion had 
been curetted and there was no sign of extension or of the appearance of other myelomata over a 
period of three years. The patient had received twenty injections of ‘‘ stilbamidine.”’ 

Other cases described included one of invasion of the tarsal bones by an epidermal carcinoma 
which had spread through the interosseous ligaments, leaving the joint surfaces intact; and one of 
a secondary deposit in a long bone from a primary tumour which had long remained hidden— 
in that case it was a hypernephroma. Such cases presented problems in diagnosis and treatment. 


Hindquarter amputation—Siry Gordon Gordon-Taylor (London) discussed the indications for 
this operation, which he first performed in 1922. In a series of fifty cases the operation had 
been performed for malignant disease of the pelvic girdle or of the investing soft parts in 
approximately equal numbers, and once for chronic osteomyelitis. The average age of the patients 
that he and his colleagues had operated upon was thirty-five years. Clinical photographs were shown 
of some in whom the chances of success had seemed almost negligible; yet, of the fifty patients, 
twenty-two are known to be alive, ten having survived for more than five years. The speaker 
dealt with a few of the steps in the operation, mentioning the importance of ascertaining first 
whether the pelvic peritoneum is free from malignant infiltration, which, if present, should lead 
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to abandonment of the operation. In his later cases he had divided the pelvis from before 
backwards, dividing the symphysis pubis first, which he was convinced was better than starting 
pelvic section from behind. Sacro-iliac disarticulation caused profound surgical shock; division 
of the dorsum ilii was recommended as safer, whenever possible. 


Some general affections of the skeleton—Sir Thomas Fairbank (London) restricted his remarks 
to affections that had been recognised only in recent years. Hyperplastic callus in osteogenesis 
imperfecta—This was a rare complication, in which there was development of a mass of hyperplastic 
callus, with or without a demonstrable fracture. Swelling might be enormous and suspicion of 
sarcoma might call fur biopsy. Melorheostosis—In this condition, which was very uncommon, 
the changes consisted of dense streaks “‘ flowing "’ down the bones of a limb, usually only one 
limb. The affection might arise at any age up to fifty years or more, but was usually 
apparent before thirty-five years. There were pain and limitation of joint movements. 
Dysplasia epiphysialis multiplex was characterised by irregular mottled ossification of several 
epiphyses, dwarfism and stubby digits. Hips, shoulders, and ankles were the joints most frequently 
affected and there might be difficulty in walking. Carpal and tarsal bones appeared late and their 
ossification was irregular. Permanent distortion of the articular surfaces of affected joints 
remained. Dysplasia epiphysialis punctata (‘‘ stippled epiphyses *’) exhibited more gross changes 
in the epiphyses than did the multiplex type. The shafts were thick and short, dwarfing of the 
short-limb type being marked. The condition began in foetal life and at least half of the reported 
patients had died within twelve months of birth. Congenital cataract was a common associated 
lesion. Infantile cortical hyperostosis—In this affection there was formation of subperiosteal bone 
on the shafts of the major long bones and on the mandible and scapula. It might be due to 
infection. It occurred in infants, often in the third month. The dense new bone blended with the 
cortex of the shaft, and later both became reduced in density, the appearance being that of an 
enlarged shaft of low density, perhaps bowed. Recovery was complete eventually. Engelmann’s 
disease—This was probably a developmental error, in which there were symmetrical enlargement 
and sclerosis of the shafts of the long bones, and often changes in the skull. It was usually 
discovered in childhood and was slowly progressive, but gave rise to only slight symptoms. 


Developmental defects of long bones— Myr Bryan McFarland (Liverpool) showed slides of 
many examples of segmental or complete aplasia affecting one or more long bones. Examples 
were also shown of congenital shortening of long bones, congenital coxa vara, congenital stress 
fracture of the tibia, congenital radio-ulnar synostosis, absence of the radius, and double ulna. 
The speaker referred to Duraiswami’s experimental production of congenital deformities in 
embryo chicks by injection of the yolk with insulin. The stage of development at which the agent 
was introduced appeared to determine the nature of the congenital deformity. It seemed possible 
that in congenital osseous defects in man, a localised adverse mesenchymal influence came into 
operation in the pre-cartilage stage, but the nature of the influence remained unknown except 
that rubella within the first three months of pregnancy might cause skeletal developmental 
defects. 
ROYAL SOCIETY OF MEDICINE 
SUMMER MEETING OF THE SECTION OF ORTHOPAEDICS, 1951 


The summer meeting of the section of orthopaedics of the Royal Society of Medicine was held 
on June 9, 1951, at the Country Branch of the Royal National Orthopaedic Hospital, Stanmore. 
Mr A. T. Fripp, president of the section, was in the chair. 


Ischio-femoral arthrodesis—Myr ]. A. Cholmeley described his experience of ischio-femoral 
arthrodesis of the hip, for which he favoured the posterior open approach. A full report of this 
work, contributed by Mr Cholmeley in association with Mr E. J. Nangle, appears in this number of 
the Journal (page 365). 

Antero-lateral decompression for Pott’s paraplegia— Myr H. ]. Seddon reviewed the problems 
of paraplegia complicating tuberculous disease of the spine, with special reference to the operation 
of antero-lateral decompression which had been developed by Capener* and advocated later by 
Alexander+. In the management of Pott’s paraplegia Mr Seddon considered that if there was 
no recovery within one month of rest and immobilisation, operative treatment should be undertaken. 
A longer period of conservative treatment, in the presence of important paralysis, increased the 
risk of irreversible changes in the spinal cord. In paraplegia of early onset, with abscess shadow 


* CAPENER, N. Quoted by Girdlestone (1950) in Modern Trends in Orthopaedics, Edited by Sir Harry 
Platt. London: Butterworth & Co. (Publishers) Ltd. 
+ ALEXANDER, G. L. (1946): Proceedings of the Royal Society of Medicine, 39, 730. 
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in the radiograph, the initial operation should consist of costo-transversectomy and evacuation 
of the abscess. But if this did not lead to improvement within six or eight weeks antero-lateral 
decompression should be advised and should be done on the opposite side to the costo- 


When solid mechanical pressure on the cord was suspected, and always in 
In the 


transversectomy. 
paraplegia of late onset, antero-lateral decompression should be the primary operation. 
cervical spine antero-lateral decompression was dangerous, and laminectomy with subsequent 
spinal graft was preferred. In discussion, Mr Rocyn Jones spoke of the importance of accurate 
localisation of the affected area by taking radiographs with opaque markers in position before 
He recalled that an abscess could be evacuated by excision of a transverse process 


operation. 
If resection of rib was avoided the risk of puncture of the 


without removing a segment of rib. 
pleura was obviated. 

Genito-urinary tuberculosis in bone and joint disease—.\/y WW. A. Liddell recalled earlier 
work which suggested that tubercle bacilli in the urine signified a renal lesion, but that small 
renal lesions were capable of healing. A high proportion of adult patients with skeletal tuberculosis 
had tubercle bacilluria at some time, although it was often missed unless frequent tests were made. 
Moreover tests might often be negative even in patients with established renal lesions. Genital 


lesions also occurred commonly. Most had a primary renal origin and affected the epididymis, 


seminal vesicle and prostate. 
Of thirty-two cases of tubercle bacilluria observed at the Royal National Orthopaedic Hospital, 


fourteen had no radiographic evidence of a renal lesion. Symptoms were present in only one-sixth 
of all patients with bacilluria, and in one-third of those with radiographic evidence of renal lesions. 
The first indication of significant trouble was the appearance of pus cells in the urine. As to 
treatment, the impression was given that nephrectomy was inadvisable except for gross 
demonstrable lesions with symptoms. 

The problem of epiphysial arrest— Vr J]. J. P. James emphasised that the whole subject of 
epiphysial growth and its control was beset with many problems. Thus the exact mechanism of 
excessive growth or arrest of growth from disease was imperfectly understood. Recent work by 
Trueta suggested that excessive growth after osteomyelitis was due to temporary activity of the 
collateral circulation consequent upon obliteration of the main nutrient artery. Knowledge of 
the extent of operative intervention necessary to arrest growth was also incomplete. It was known 
that a bone graft at the periphery would prevent growth and that a central graft would not; but 
the influence, for example, of periosteal stripping in the vicinity of the epiphysial plate was uncertain. 
Again, it was necessary to determine whether epiphysial stapling was a reliable method of arresting 
epiphysial growth and whether it was possible to be sure that growth would be resumed if the 
staples were removed before the normal time for closure of the epiphysis. Investigations were in 
progress at the Royal National Orthopaedic Hospital which it was hoped would throw light on 
these and other problems. 

Leg shortening— yr K. /. Nissen outlined his experience of operative shortening of the sound 
limb to correct or improve discrepancy in limb length. The method had the great advantages over 
epiphysial arrest: 1) that the patient rather than his parents could decide whether or not he wanted 
the operation; 2) that there was much less risk of secondary deformity such as might follow 
epiphysial arrest; and 3) that the procedure was exact and the calculations simple. He did not 
advise shortening by more than two inches. In the femur (the preferred site) the bone was removed 
from the subtrochanteric area, the upper end of the shaft being shaped into a long spike which 
was impacted into the cancellous bone of the proximal fragment and transfixed by a cross-screw. 
In shortening the tibia parallel oblique osteotomies were made in the mid-shaft, the centra! segment 
removed and the main fragments approximated and fixed by two oblique screws. It was advisable 
to excise a slightly larger segment of the fibula to ensure that overlap of the fibular fragments did 
not increase the recognised difficulty of closing the skin over the bulging muscles. 


Tomography in orthopaedic diagnosis—Dry FE. H. Allen gave an account of the indications 
and use of tomography in the radiographic examination of bones and joints. He listed the regions 
in which tomography was of value as follows: 1) vertebral bodies, especially in the upper thoracic 
region, where the outline of the bodies was obscured in plain radiographs by superimposed shadows; 
2) pedicles and foramina of the spinal column; 3) temporo-mandibular joint and ramus of mandible; 
4) sternum and sterno-clavicular joints. By the use of tomography in these situations it was 
possible to demonstrate more accurately: 1) minor fractures of the vertebral bodies; 2) early erosion 
of the vertebral bodies in Pott’s disease or osteomyelitis; 3) the progress of fractures and of 
destructive lesions of the vertebrae; 4) the differentiating characteristics of fracture and 
osteochondritis in wedge-shaped vertebrae ; 5) early metastases; and 6) enlargement of the foramina 
in suspected neurofibromatosis of the spine. Illustrative radiographs were shown. 
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Plastics in orthopaedic surgery—Dy /]. T. Scales reported three cases in which prostheses of 
plastic material had been used by his surgical colleagues to replace parts of diseased bones after 
excision. In two cases of gross fibrocystic disease involving the femur disarticulation at the hip 
had been avoided in favour of mid-thigh amputation by replacement of the upper half of the femur 
by prostheses, which were appropriately drilled for attachment of the major hip muscles. In one 
case the prosthesis was of polythene (a resilient material); in the other, methyl methacrylate. 
In the third case the upper three-quarters of the humeral shaft had been replaced by an acrylic 
prosthesis after excision of the bone for sarcoma. The prosthesis was attached to the distal end 
of the humerus by two vitallium plates and screws. It was too early yet to say what the long-term 
results of this type of replacement operation would be, or indeed to assess the ultimate place of 
plastics in orthopaedic surgery. 

Lumbo-sacral fusion by Chandler’s method—.M/r P. H. Newman described Chandler's method 
of lumbo-sacral fusion, which he believed was unpublished. Two vertical slabs of cancellous bone 
were first applied, one on each side of the spinous processes, extending throughout the area to be 
fused and on to the back of the sacrum. Superficial to these, further bone slabs were applied 
transversely between the spinous processes. The whole mass of bone was secured in firm contact with 
the laminae and the back of the sacrum by an overlying bridge of wire passed, proximally, through 
awl-holes at the base of the appropriate spinous process and, distally, through holes made in the 
dorsum of the sacrum. The method had the advantages that it did not rely upon the integrity of 
the spinous processes, and that close bone-to-bone contact was maintained throughout the extent 
of the fusion area. Chandler himself used autogenous iliac grafts, but Mr Newman had used stored 
frozen ribs from the bone bank. Results so far, in about fifty cases, were very promising. 


Electrical reactions in poliomyelitis— My Donal Brooks reviewed the three common methods 
of investigating the electrical activity of muscle; strength duration curves, nerve conduction and 
electromyography. The disadvantages peculiar to each method were discussed. Nerve conduction 
was considered to be the most useful of the three in poliomyelitis as it gave a quantitative estimation 
of the number of intact motor units present. 

A total of ninety-one patients in which some 900 completely paralysed muscles were examined 
formed the basis for the following observations. 

1) Positive nerve conduction in the presence of a clinical paralysis is a valuable sign as it is 
nearly always associated with a good prognosis. 

2) Negative nerve conduction is in most instances associated with a bad prognosis but in a 
small number of cases can be misleading if carried out too soon after the onset of paralysis. It is 
probably quite reliable after fourteen weeks. 

3) These electrical reactions suggest that reversible changes can occur in partially damaged 
cells in the cord for as long as three months after the onset of the disease. If fatigue has such an 
adverse effect as it has during the stage of invasion by the virus, then the activity of partially 
paralysed limbs should be carefully regulated in the early months. 


The Kite method in the treatment of club foot—.My A. W. Lipmann Kessel reported preliminary 
impressions that had been gained from a clinical trial of the Kite method of treatment of club foot 
by wedged plasters. Thirty cases were available for review; most were neglected or relapsed 
deformities in patients between three and seven years of age. The method of wedging the plasters 
was illustrated by ingenious models, the aim being to correct first the varus element of the deformity, 
then the inversion, and finally the equinus. Despite the poor material on which the method had 
been tried the results had been well worth while. Significant improvement in shape had always 
been gained. A striking observation had been the greatly increased suppleness of the foot, which 
was in marked contrast to the stiff scarred feet that one was accustomed to see after other forms of 
treatment at that late stage. In some cases transfer of the insertion of the tibialis anterior to the 
lateral side of the foot had been used as a supplementary measure, with gratifying results 
Mr A. T. Fripp emphasised that transfer of the tibialis anterior was of most value when there 
was inversion of the heel. If it was done in cases in which the main deformity was forefoot adduction, 
valgus foot might result. 


UNIVERSITY OF OXFORD 
THE NUFFIELD ORTHOPAEDIC CENTRE, OXFORD 


Writing in the British Medical Journal on April 28, 1951, Professor J. Trueta outlined the 
future envisaged for the Nuffield Orthopaedic Centre and reviewed the progress made so far. He 
recalled that in December 1949 Lord Nuffield made a donation of £50,000 in order to further 
the progress of orthopaedic and accident surgery. It was felt that such further progress could 
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best be made by increased collaboration between clinicians and research workers, and one of 
the main purposes of the Nuffield Orthopaedic Centre is to provide facilities for a combined 
clinical and experimental approach to the many problems that present themselves to orthopaedic 
surgeons. 

With the help of the Nuffield Institute for Medical Research, Oxford, a beginning has already 
been made in the working of an organisation on these lines. The Nuffield Orthopaedic Centre 
integrates into a working body the Wingfield-Morris Orthopaedic Hospital and its associated 
clinics, the Accident Service of the Radcliffe Infirmary, and the Nuffield Department of 
Orthopaedic Surgery. The first contact has been established between colleagues interested in 
poliomyelitis working in the Oxford Region, including doctors from the isolation hospitals, 
neurologists, orthopaedic surgeons, and research workers. As facilities increase it is hoped that 
they will combine to form a research group. A residence for postgraduate students has been 
acquired, and students from overseas are already working in the Centre. As announced in the 
February issue of this Journal, Lord Nuffield has given £10,000 to the Nuffield Orthopaedic 
Centre for the creation of a Scholarship in recognition of the great life-work of Girdlestone. This 
will be known as the Girdlestone Scholarship and will enable doctors from overseas to work at 
the Wingfield-Morris Orthopaedic Hospital within the organisation of the Nuffield Orthopaedic 
Centre. 

REGIONAL ORTHOPAEDIC SOCIETIES 
SOUTH-EAST METROPOLITAN REGIONAL ORTHOPAEDIC CLUB 

A meeting of the South-East Metropolitan Regional Orthopaedic Club was held at Orpington 
Hospital on March 17, 1951, and was attended by about forty members. Myr Stamm discussed 
various aspects of foot surgery and demonstrated some interesting spinal disorders. My Batchelor 
showed a variety of cases of hip disease. My Drew discussed surgical procedures in spastic foot 
deformities, and showed cases of tendon-grafting in finger injuries. Myr Addison demonstrated 
two cases of arthroplasty of the knee using an acrylic prosthesis of his own invention, and also 
demonstrated and discussed several cases of intramedullary nailing of fractures presenting difficult 
complications. 

EAST ANGLIAN ORTHOPAEDIC CLUB 

A meeting of the East Anglian Orthopaedic Club was held at the Norfolk and Norwich Hospital 

on March 31, 1951. Clinical cases were shown. 


Divided flexor tendons of finger—Myr Burroughs, introduced by Mr H. A. Brittain, demonstrated 
a case successfully treated by operation in which the proximal end of flexor profundus was sutured 
to flexor sublimis. 


Bilateral avascular necrosis of head of femur—.V/y Burroughs showed a case in which the 
left femur was fractured in 1943 and treated with a Smith-Petersen nail. Five months later 
avascular necrosis was noticed and the nail was replaced by a fibular graft, but the necrosis 
continued and so the joint was fixed with a long trifin nail and five-hole plate. Pain persisted 
and the nail and plate were therefore removed and an ischio-femoral arthrodesis was carried out 
with relief of symptoms. Her right ankle had during this time developed a severe painful 
osteoarthritis; this was arthrodesed with lay-on fibular graft. Shortly after this she fell and 
sustained a trochanteric fracture of the right femur, which was treated conservatively. In January 
1950 she was re-examined because of pain in this hip and was found to have a subluxation of the 
head which showed aseptic necrosis and coxa valga. It was therefore decided to do an arthroplasty 
with a Judet’s prosthesis so placed as to correct the coxa valga. She is now aged sixty-six years 
and is walking with crutches without pain and the joint shows a fair range of movement. 


Tuberculosis of symphysis pubis—My King, introduced by Mr H. A. Brittain, showed a 
girl aged twenty years who first attended the hospital for a sinus over the symphysis pubis that had 
been discharging for two years. The lesion was proved to be tuberculous and she was treated 
by rest in a plaster bed and streptomycin. The sinus healed within sixteen days and has remained 
dry since. Later a tibial graft was inserted into slots made in the pubic bones, and she was kept 
at rest for twenty-four weeks in a plaster bed. She has now returned to work and is free from 
symptoms. No evidence of tuberculosis was found elsewhere. 

Pseudarthrosis of tibia—Myr Howard showed a case which he said he had unhappily had to 
treat before the valuable article by McFarland had been published.* At the point of bending 
he had done an osteotomy which after three months had shown no signs of union. He then put in 
a tibial graft taken from the other tibia and the lower end of this failed to unite. Finally he 


* McFARLAND, B. (1951): Pseudarthrosis of the Tibia in Childhood. Journal of Bone and Joint Surgery, 
33-B, p. 36. 
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excised the sclerotic bone and fibrous tissue and packed bone chips firmly round the open end 
of the graft and into sound bone. 

Idiopathic scoliosis— Myr King showed a girl of fifteen years who had been under observation 
since 1938, when she had an idiopathic scoliosis of 30 degrees. The curvature gradually increased 
up to 80 degrees in 1949. She was then treated by correction in a Risser turn-buckle jacket and 
spinal fusion. A graft was placed from T.3 to T.12 on the side of the concavity. He then showed two 
other similar patients treated some time ago and now active and showing no return of the scoliosis. 


Brucellosis— Myr King showed a soldier with chronic synovitis of the knee. Previously he had 
had an acute general infection which had been associated with pain in all the joints; but symptoms 
had only persisted in one knee. Radiographs showed marked osteoporosis and a mottled 
appearance of the upper end of the tibia. A suggestion had been made that the original infection 
had been brucellosis. Biopsy of the synovial membrane showed a “ thickened gelatinous synovium " 
and the culture was sterile. It was planned to try the effect of manipulation followed by physical 
training, and if this led to a flare-up, to arthrodese the knee. In the discussion that followed, 
it was generally agreed that it was not a tuberculous condition, but some members were in 
favour of synovectomy before having recourse to arthrodesis. 


Artificial hip joint—Mr McKee demonstrated an artificial hip joint with which he had been 
experimenting in cases of patients who had already one arthrodesed hip and had serious disease 
in the other. The prosthesis consisted of a ball-and-socket joint that was fixed into the acetabulum 
by a lug screw and four other screws radiating outwards from the lug. The ball was on the end 
of a rod that was inserted into the shaft of the femur and fixed by a plate with three screws. He 
showed three patients in whom this had been used; each had a good range of painless movement. 
The meeting was impressed by the ingenuity and engineering skill shown in this device, but some 
doubt was felt as to how kindly the bone would take to such a mass of metal. 

Bilateral osteoarthritis of hip—Mr H. A. Brittain showed a patient treated for the left hip by 
a cup arthroplasty three years ago, and for the right hip by a trifin nail arthrodesis reinforced 
with an ischio-femoral graft. The patient, a man of fifty-seven years, expressed himself well pleased 
with the operations, but with a personal preference for the latter. 


MANCHESTER HOSPITAL REGION CLINICAL MEETINGS 
Among the papers and demonstrations presented at clinical meetings in 1950 were the 


following: 

Colles fracture—My O. O. Cowpe showed a series of cases treated in the Salford group of 
hospitals in which the fractures had been immobilised for three weeks only. The method was not 
recommended in cases with gross comminution of the dorsal cortex. 


A.C.T.H.—Dr J]. H. Kellgren discussed some of the problems of administration of A.C.T.H. and 
commented on the blood chemistry of rheumatoid arthritis before and after its administration. 
He showed a film of a patient with rheumatoid arthritis with gross limitation of movement in her 
arms, poor grip, and difficulty in walking. There was no improvement after four control injections 
of saline. After a short course of A.C.T.H. improvement was dramatic and her appearance and 
range of movements became normal. On withdrawal of the drug the patient's condition was seen 
to relapse to a state as bad as before treatment. 

Temporo-mandibular joint—Mr ]. L. Mangan discussed the approach to the temporo- 
mandibular joint. The advantages of a curvi-linear incision extending into the hair margin and 
extending in the pre-auricular area down to the level of the tragus were emphasised. 

Central dislocation of the hip—My ]. K. Wright. A case of central dislocation of the hip treated 
by plaster immobilisation in a bilateral above-knee spica combined with lateral skeletal traction 
through a Putti screw inserted into the femoral neck. A useful range of movement had been 


obtained. 


1951 Meetings 
The first meeting of 1951 was held at Bolton Royal Infirmary on March 2. 
Fractures of the head of the radius—My Jan Lumsden reported a series of cases, most of which, 
even with severe comminution of the head, had been treated by conservative measures and early 
movement. The results compared favourably with those of operative treatment. 


Other papers included: a series of mallet fingers treated at Salford Royal Hospital with 
disappointing results (Mr T. G. Barlow); a method of obtaining a lateral radiograph of the hip in 
congenital dislocation (Myr D. Cranna); a series of films of Paget's disease showing a variety of 
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complications (Mr R. S. Garden); experiences at the Manchester Royal Infirmary in the use of an 
acrylic prosthesis in fractures of the femoral neck in old patients (Mr J. C. F. Cregan); a case of 
disappearing bones affecting the humerus, clavicle, and scapula (Mr S. M. Milner); radiographs of 
two cases of absorption of matatarsal bones in the foot with a review of the literature (Mr Harold 
Bolton); and arthrodesis of the ankle and subtalar joint by a sliding graft (Mr R. W. Agnew). 


LIVERPOOL SCHOOL OF ORTHOPAEDICS AND THE REPERTORY THEATRE 

Tuesday, April 3, 1951, at the Playhouse Theatre, Liverpool, was the first night of the play 
entitled ‘‘ The Bonesetter of Crosshall Street '’ written by a general practitioner of Anglesey, 
Dr Hywel Jones, and produced by Mr Gerald Cross. The scene was Liverpool in 1854. Evan 
Thomas, at the height of his success as a bonesetter, stubbornly resisted the trend of public opinion 
in favour of medical registration. No less stubbornly he resisted the entreaties of his own sons— 
Richard and Hugh Owen Thomas—to allow them not only to be bonesetters but also doctors 
qualified after a proper course of medical study. An action for damages by a dock labourer whose 
leg became gangrenous failed to shake Evan. But in spite of a favourable verdict, the ordeal of 
a Coroner’s inquest on a child who died of injuries caused dramatic change of heart. Thereafter 
Richard and Hugh were to study medicine in Edinburgh. There the play ends. At the final curtain 
one felt that one had been witnessing the sowing of seed which yielded a harvest at once beneficial 


and abundant. 


THE NETHERLANDS 
PRESENT STATE OF ORTHOPAEDIC SURGERY IN THE NETHERLANDS 


By comparison with the English-speaking countries orthopaedic surgery is still in its infancy 
in the Netherlands. It has not been generally recognised as an independent subject of teaching at 
the universities, where it is regarded as a part of general surgery. Consequently there are no 
university orthopaedic hospitals, which means that an important stimulus to scientific work in 
this speciality is till missing. There are about forty qualified orthopaedic surgeons practising all 
over the country, but only two complete orthopaedic hospitals—the Anna-clinic at Leyden, 
which had been started by Miirk Jansen and is now under the guidance of Dr van Nes, and the 
Maartens-clinic at Nijmegen under Dr Bar. The speciality shows a tendency to extend its domain 
from the treatment of deformities (the classical domain of orthopaedics on the European continent) 
to the entire field of surgery of the locomotor apparatus, an important part of which is still the 
territory of the general surgeon. Fractures and other injuries are still treated for the most part 
by general surgeons. Organised care for cripples is being developed. In some parts of the country 
free advice to crippled and disabled persons is given at consultation centres by an orthopaedic 
surgeon and a social worker, at regular intervals, and it is hoped that it will be possible to extend 
this work all over the country. There is, however, an insufficient number of specialised centres 
for the education and treatment of crippled children, and under the present financial difficulties 
it is almost impossible to start new centres of this kind or even to enlarge the existing institutions. 

The Netherlands Orthopaedic Association counts practically all orthopaedic surgeons of the 
country among its members. The Association is steadily increasing in size and importance, with 
the growing interest in orthopaedics among the doctors and the public. Three sessions are held 
each year, usually in November, February and June. Officers for 1951 are: J. D. Mulder, 
president; I. Willebrand, vice-president; J. G. A. Kerssemakers, secretary. The Proceedings 
of the Association are published in the Dutch language in the Nederlands Tijdschrift voor 
Geneeskunde. The Association has two representatives in the Netherlands Foundation for the 
Promotion of Surgical Sciences. The Board of this Foundation is formed by representatives 
of the Netherlands Surgical, Orthopaedic, Urological, Neurosurgical, Plastic Surgeons’, and 
Anaesthesiologists’ Associations. Its aim is to treat those subjects that are of common interest 
to all its members, by organising a yearly congress at which some important subject is considered 
from various viewpoints by a group of experts. The Foundation is the owner of the Archivum 
Chirurgicum Neerlandicum, which is published at three-monthly intervals. Articles are in 
English, French or German. 


NETHERLANDS ORTHOPAEDIC ASSOCIATION MEETING 


The first session of the Netherlands Orthopaedic Association for 1951 was held at The Hague 
on March 4. It was attended by more than forty members and several guests. 


Experience with the bone bank— My W. C. Meiss described the use of deep-frozen calf bone. 
Metatarsals and metacarpals proved particularly useful to fill up large defects of the long bones, 
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and also to provide big and strong H-grafts for spinal fusion. Chips were used in great quantities, 
from the same origin. All grafts became incorporated well. Animal experiments showed that 
although fresh calf’s bone is extruded as a foreign body, deep-trozen bone of the same nature 
is well supported and is invaded by the host tissue in the usual way. 

Lumbo-sacral fusion—Dr G. M. San Giorgi commented on his experience with the H-graft 
in lumbo-sacral fusion. Having rejected the iliac graft on account of insufficient strength, he now 
uses either a tibial graft or a piece of calf’s bone from the bone bank. Initial results with this 
heterogenous graft were excellent. Cancellous bone was always added to promote bony union. 
The after-treatment consisted of two weeks’ rest in a plaster bed, followed by mobilisation under 
protection of a belt. Difficulties were encountered in the fixation of the H-graft on the sacrum 
in the presence of rudimentary sacral spinous processes. In these cases the graft was inserted into 
a hole made in the sacral lamina. 

Spontaneous rupture of thumb tendons— Dr P. van Dijk had observed six cases of spontaneous 
rupture of a thumb tendon—five of the extensor pollicis longus and one of the flexor pollicis longus, 
the latter three years after injury of the carpus. The flexor tendon was repaired with a free graft 
from the extensor of the fourth toe, with complete success. 


DENMARK 


THE DEVELOPMENT OF THE DANISH ORGANISATION FOR THE WELFARE OF 
CRIPPLES UNDER PAUL GUILDAL’S LEADERSHIP 


The Danish Organisation for Crippled Welfare was founded in 1872 on the initiative of Hans 
Knudsen mainly as a charitable institution. Guildal became its senior surgeon in 1919, and he 
was the driving force in its reorganisation in 1933 into an institution under the Public Health 
Service. In 1935 the institution was enlarged by the foundation of the orthopaedic hospital in 
Copenhagen. Guildal was head surgeon there until 1947; from then until his death he was the 
medical leader of the social service of the institution. 

The hospital in Copenhagen now includes two orthopaedic departments—the heads of which 
are Sven Kiaer and Aage Berntsen—an out-patient clinic, an accident department, a social service, 
and orthopaedic workshops. There are also an ordinary school and trade schools for invalids 
In 1936 a similar orthopaedic hospital was founded in Aarhus under the leadership of P. G. K. 
Bentzon and two orthopaedic clinics have recently been opened in two other towns in Jutland— 
in Aalborg (1950) and in Kolding (1951)—the heads of which are Poul Liitken and Ingeborg Lou 


UNIVERSITY OF COPENHAGEN 


Doctorate Thesis—H. Stirup (Copenhagen) has been awarded the degree of Doctor of Medicine 
for his thesis on “ Ulcers of the Leg: a Clinical and Etiological Study with particular Reference 
to Post-thrombotic and Varicose Ulcers.’’ In this work, based on 335 cases, Stiirup showed that 
in both primary and post-thrombotic varicose veins the pressure in the standing position was 
equal to the calculated hydrostatic pressure. During walking the pressure did not fall, or fell only 
slightly, in varicose veins with incompetent saphenous vein. With compression of the incompetent 
saphenous vein the pressure in primary varicose veins fell considerably but it did not fall in 
varicosities of the typical post-thrombotic leg. In these the pressure did not fall during walking 
even if the saphenous vein was competent. 

History and symptoms showed evident differences between the varicose and the 
post-thrombotic group of patients. The period from the acute thrombosis or from the first 
recognition of the primary varicose veins until the appearance of the first ulcer was in 32 per cent 
of the post-thrombotic patients below two years, and in 60 per cent below six years. But in patients 
with primary varicose ulcer this “ latent period’ was in only 32 per cent below six years. 
Furthermore, in the “ latent period ’’ 75 per cent of the post-thrombotic patients had constant 
oedema at the ankle; this was so only in 30 per cent of the varicose patients. Forty-five per cent 
in the post-thrombotic group had no or only small varicose veins, and an incompetent saphenous 
vein was found in only 33 per cent. In the varicose ulcer group an incompetent saphenous vein 
was present in 88 per cent, and almost all the varicosities were great. Stiirup believes that the 
symptoms in patients with primary varicosities are due to a too high venous pressure localised 
exclusively to an incompetent saphenous vein: the symptoms of the post-thrombotic syndrome 
on the other hand are due to a too high venous pressure diffusely affecting all subcutaneous veins 
and varicosities. 

The prognosis is poorer for post-thrombotic than for varicose ulcer. As to treatment, the 
following conclusions were drawn. Most important is the fact that a certain group of 
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post-thrombotic patients exists in which there is an incompetent saphenous vein and partial 
emptying on Perthes’ test of the varicosities into the deep veins. Only in these patients among 
those with the post-thrombotic syndrome can any effect from resection of the saphenous vein 
be expected. In patients with varicose ulcers resection of the saphenous vein should be undertaken 
as early as possible to prevent the development of secondary induration and thereby to reduce 
the risk of recurrence of the ulcer. 


DANISH ORTHOPAEDIC ASSOCIATION MEETING 

The spring meeting of the Danish Orthopaedic Association was held in Copenhagen on April 14, 
1951. The main topic was arthroplasty of the hip. 

Arthroplasty with acrylic prostheses— Sven Kiaer (Copenhagen) described experiences with 
the use of acrylic prostheses in arthroplasty of the hip. At first individual prostheses had been 
made and fixed to the femoral neck by cement. But this required two operations, and more 
recently the method of Judet had been preferred. There had been no deaths in fifty cases and 
the results were classed as excellent or good in forty-four. 

Cup arthroplasty—4. Bertelson (Copenhagen) reported thirty-one cases of cup arthroplasty, 
mostly for osteoarthritis. Results were good or excellent in sixteen, moderate in eleven and bad 
in four. New bone formation around the cup was found in seventeen cases. The importance of 
retraining of the gluteal muscles was emphasised. 

E. Thomasen (Aarhus) commented on seventy-four cases of cup arthroplasty. He found that 
pain was relieved in nearly all cases. Discussion: Drs Wiburg and Steenberg said that they had 
given up cup arthroplasty in favour of Judet’s method because the results of cup arthroplasty were 
unsatisfactory. 

Response of bone to acrylic resin—K. Poulsen, K. Jansen and E. Henricksen (Copenhagen) 
reported research in pigs. The immediate reaction to acrylic resin introduced into bone was the 
formation of a layer of connective tissue which rapidly became transformed into bone. Plastic 
cement under a moulded prosthesis was found to penetrate into the superficial layer of the 
cancellous bone. There was no evidence of tissue reaction and the prosthesis was firmly fixed. 

Conservative resection for bone sarcoma—4A. Bertelsen (Copenhagen) demonstrated a case of 
osteogenic sarcoma of the distal end of femur treated with extensive segmentary resection and 
bridging of the defect by two large tibial grafts. 


PORTUGAL 


THE PORTUGUESE ORTHOPAEDIC SOCIETY 

We are pleased to report the formation of the Portuguese Orthopaedic Society under the 
following executive committee: President—Dr F. Pinto de Miranda; vice-president—Dr Abel da 
Cunha; secretary—Dr Antonio de Meneses; treasurer—Dr José Botelheiro. The address of the 
secretary is: Rua Tenente Raul Cascais 11 A, Lisbon, Portugal. 


INTERNATIONAL SOCIETIES 


INTERNATIONAL POLIOMYELITIS CONGRESS 


The second conference of the International Poliomyelitis Congress will take place in 
Copenhagen from September 3 to 7, 1951. At the first conference, held in New York in July 1948, 
it was resolved: ‘‘ That an Organisation Committee hereby be created consisting of the Advisory 
Committee of the First International Conference, the officers of the First International Conference 
and the President of the National Foundation for Infantile Paralysis, and that five additional 
members to be chosen by that group representing five nations other than the United States of 
America, and that this Organization Committee be empowered to secure charter under the laws 
of the State of New York for a permanent International Poliomyelitis Congress; to prepare and 
adopt By-Laws for said International Congress; to fix a place and date for the first formal 
meeting of the International Congress to be held three years from now.” 

The officers of the 1951 conference are: president—His Excellency, Dr Niels Bohr; vice- 
presidents—Dr H. M. Hansen (Copenhagen); Dr Franz Blatt (Aarhus); Basil O’Connor (New 
York); and Kjeld Rgrdam (Copenhagen). 

The programme will include symposia on: Virus and its Interaction with the Host Cell; 
Pathology and Pathophysiology of Poliomyelitis; The Coxsackie Group of Viruses; Differential 
Diagnosis in Acute Poliomyelitis; Treatment of Poliomyelitis; Immunity and Resistance in 


THE JOURNAL OF BONE AND JOINT SURGERY 


Ay 
H 
ie 
ay | 
; 
3 
= 


PROCEEDINGS AND REPORTS OF COUNCILS AND ASSOCIATIONS 469 


Poliomyelitis and Other Virus Infections; and Ecology of Poliomyelitis. Enquiries regarding the 
Conference should be addressed to the Secretariat of the Second International Poliomyelitis 
Conference, Statens Seruminstitut, 80 Amager Boulevard, Copenhagen S, Denmark. Telegraphic 
address: Poliocon, Copenhagen. 


INTERNATIONAL SOCIETY OF ORTHOPAEDIC SURGERY AND TRAUMATOLOGY 


FIFTH CONGRESS, 1951 
The Fifth Congress of the International Society of Orthopaedic Surgery and Traumatology, 
of which Professor Sir Harry Platt is president, was held in Stockholm from May 21 to 25, 1951, 
under the high patronage of the King and Queen of Sweden. The King attended the opening X 
session, at which Professor Henning Waldenstrém (Sweden), Honorary President of the Congress 
Committee, expressed the great regret of the members at the Queen's illness and hopes of her 


Keystone Press 


Photograph taken at the opening session of the International Society of Orthopaedic Surgery and 

Traumatology, showing H.M. the King of Sweden shaking hands with officers of the Congress. k 

Members shown are (left to right) Henning Waldenstrém, honorary president of the Congress; 

Sten Friberg, vice-president of the Congress; H.M. the King of Sweden; Tage Borg, secretary of ; 

the Congress; Harald Nilsonne, treasurer of the Congress; Jean Delchef, secretary-general of the : 
Society; Sir Harry Platt, president of the Society. } 


early recovery. He regretted also that Dr Richard Scherb (Switzerland), President of the Congress ' 
Committee, was too ill to be present. Professor Waldenstrém predicted much of the tenor of the i; 
Congress in saying that, though orthopaedics had arisen variously in different countries, notably : I 


from paediatrics in France, from the art of the bonesetters in England and from mechanicians in 
Sir 


Sweden, as in Germany, the present universal trend was towards a biological approach. 
Harry Platt recalled that this was the Society’s twenty-first anniversary and that, in conformity 
with other international bodies, it had adopted an abbreviation, $.1.C.O.T. } 


Low Back Pain and Sciatica iM 
Surgical treatment, with special reference to results—Dy ]. S. Barr (U.S.A.) recalled that 
low back and sciatic pain signify a state of stimulation of the cerebral cortex and are not an 
affection of the back: it was important to study and treat the patient and not just his back. Local 
causes besides disc protrusion included: spondylitis and spondylolisthesis, either of whch might 
cause symptoms by direct pressure, by a concomitant disc protrusion or by stretching of a root 
in its long axis; tumours; arachnoiditis; a conus lesion, and so on; but he would confine himself 
to intervertebral disc lesions. Colonna and others had indicated that about 35 per cent of 
patients in their first attack would recover spontaneously and seemingly completely. The relief 
of pain and fear were important; and rest in bed, corsets, and similar measures might be advised 
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according to the surgeon's taste. Traction and manipulation were of doubtful value. Operation 
would relieve severe sciatic pain in about 90 per cent of cases. Causes of failure included: 1) wrong 
diagnosis, a reminder not to abandon myelography, which now gave no trouble and served to 
distinguish a disc lesion from a neuroma and to define the correct disc; 2) neurosis; 3) undue delay 
in operating and therefore failure to anticipate complications such as fibrosis round the affected 
root; 4) affection of multiple discs; 5) pulmonary embolism; 6) post-operative sepsis, in perhaps 
4 per cent of cases; 7) operative damage; 8) excessive fibrous tissue formation; 9) excessive root 
retraction; 10) removal of insufficient pathological material; 11) neglect during convalescence. 
In cases of backache, results were much less satisfactory; at least half the patients complained 
of residual pain or weakness in the back. Statistics were presented which showed that concomitant 
arthrodesis did not improve the results of excision of the disc for sciatic pain but greatly improved 
the results in low back pain. 

Mr M. R.H. Young (Great Britain) read a paper based on 957 patients operated upon by Mr B. H. 
Burns and himself at St George’s Hospital, London, and St Peter’s Hospital, Chertsey (Burns, B. H. 
and Young, R. H., Lancet, 1951, i, 245). He regarded intervertebral disc protrusion as the 
commonest cause not only of sciatica but of low back pain. He claimed a conservative approach 
because of the natural tendency to spontaneous improvement, and agreed that there was some 
place for rest and corsets, but he did not favour manipulation or muscle re-education. The 
indications for operation were lack of response to bed rest, frequent disabling attacks and chroni 
disabling backache. The patient should not be persuaded into operation. The spinal canal had 
been opened in 913 cases of this series, usually by removal of the spinous process and medial half 
of the fifth lumbar lamina with ligamentum flavum above and below. Multiple disc protrusions 
were found in 12 per cent. The findings at operation were: protruded disc 750; lesions without 
protrusion 82; root irritation from osteo-arthritis 22; abscess 3; tumours 2; peridural adhesions 12; 
no lesion found 42. The disc lesion was usually a nuclear protrusion, an annular tear or, more often 
a combination of both. Some other lesion was demonstrated in eighty-two patients: a bulging, 
springy annulus containing degenerated material; a soft spot; or a narrowed, inelastic disc, often 
having an adherent nerve root. The extent of protrusion was usually related to the severity of the 
physical signs. In a patient with a much diminished disc space and long standing chronic pain, a fresh 
“acute '’ attack would be due to a fresh protrusion of another disc; the old disc could be regarded 
as “‘extinct.’’ A protrusion of a lumbo-sacral disc rarely caused well marked scoliosis, which 
usually indicated a lesion of L.4—5; neurological signs have not helped a distinction. Protrusion 
lateral to the root gave heterolateral tilt and vice versa. Other operative findings have included: 
1) osteoarthritis; any osteophyte causing root irritation must be removed; 2) abscess; incision of 
the disc has twice yielded staphylococcal pus and once tuberculous pus; 3) tumours in three cases; 
4) peridural adhesions, pronounced in twelve cases without disc protrusion; and 5) probably 
previous lumbar puncture in two cases. In forty-two cases no lesion was found at primary 
exploration, but further operation on four disclosed a protrusion. Of 832 patients with proved 
disc lesions who were followed up, forty-four were unrelieved, and 133 had recurrence. 
Re-exploration was carried out in twenty-eight of those unrelieved; nine proved to have 
a further protrusion; six had a protrusion of another disc; and thirteen had dense adhesions, 
associated in at least six with infection. Of the patients with recurrence eighteen were 
subjected to further operation, a further protrusion of the same disc being found in six and 
protrusion of another disc in twelve. In short, failure arose from not finding the lesion, from 
removing too little disc or from post-operative adhesions. In patients complaining of low back 
pain without sciatica, grafting should be reserved for those in whom no disc lesion was found. Twin 
grafts of autogenous or cadaver bone were fixed to the spinous processes by bolts having spring 
washers to ensure continuous pressure between grafts and host. Grafting was indicated particularly 
in cases of spondylolisthesis or adhesions after removal of a disc. 


Dry M. L. Pouvanne (France) considered the indications for operation in sciatic pain to be violence, 
persistence, or recurrence. The lesion was easier to detect and remove during an acute attack. 
Myelography should be used only when clinical localisation was impossible. The surgical approach 
should be limited but adequate, with laminectomy if necessary. Division of the nerve root should 
be exceptional. The results were excellent. In lumbar pain without sciatica the results were less 
satisfactory, and spinal grafting had a place in the 10 per cent or so not relieved by conservative 
measures or removal of a disc. 
Dr C. Pais (Italy) stated that among 1,000 patients operated on for lumbar or sciatic pain at the 
Rizzoli Institute in the last ten years, 906 cases of protrusion were found. The late results were: 
relieved 86-5 per cent, improved 12-45 per cent, unchanged 1-25 per cent, aggravated 0-22 per cent 
and operated upon again for recurrence 2-75 per cent. In the ninety-four cases in which a protrusion 
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was suspected but not found further exploration revealed adhesive arachnoiditis, hypertrophy of 
the ligamentum flavum, spondylolisthesis, spondylolysis, spina bifida, osteophytes, tuberculous 
arthritis, intradural bone tumours or in some cases no evident pathology. 

Dy Enzo de Marchi (Italy) had followed up 207 out of 307 cases of prolapsed discs submitted to 
operation consisting of hemilaminectomy and maximal removal of the disc without fusion. Results 
were excellent in 59 per cent, good in 26 per cent, poor in 8-5 per cent, and bad in 6 per cent. A 
second operation was performed in five patients and in each a recurrence or a new protrusion was 
found. 

Drs G. Wiberg and F. Stahl (Sweden) reported that, of 624 patients operated upon for prolapse 
of one of the lumbar intervertebral discs, twenty-seven (4-3 per cent) underwent further operation 
because of persistence or early recurrence of lumbo-sacral pain. Lesions found were: disc prolapse 
in the explored intervertebral space, 6; disc prolapse in an unexplored space, 2; true recurrence 
with a further amount of nucleus pulposus prolapsed, 9; a new prolapse in another space, possibly 
on the other side, 5; stricture of the nerve root from scar formation, 3; diffuse protrusion of disc, 1. 
In one instance the pain was unexplained. 

Dy R. Ingebrigtsen (Norway) had removed an intervertebral disc in 180 patients with symptoms 
of one year’s duration upwards. Of a hundred of these, thirty-six were occupied in heavy work, 
twenty-four were housewives, and forty were otherwise occupied; thirty-nine were cured, 
twenty-one were greatly improved, twenty-nine were improved, and eleven were no better. In 
twenty-one patients removal of a disc was combined with spinal arthrodesis. Of these, sixteen 
were completely relieved, three were able to work but with slight pain in the back, and two were 
unable to work. The indications for primary spinal fusion were spondylolisthesis, narrowing of 
more than one disc, retropulsion of a vertebra and the exceptional cases in which an inferior 
articular process had to be partly resected. 

Dr E. Giintz (Germany) described two types of pathological changes in the intervertebral! discs, 
the first characterised by displacement of disc tissue through the annulus or cartilage plates and 
the second to changes in composition and turgor of the nucleus pulposus. He believed that other 
causes than nuclear hernia, and especially arthrosis of the synovial joints, were responsible for low 
back pain and explained some failures of operative treatment. About one patient in five was 
operated upon, always without laminectomy. The after-treatment included bed for three weeks, 
plaster of Paris for four to six weeks, and at least three months’ rest from major work. 


Lumbo-sacral prosthesis associated with a graft in the treatment of lumbar pain and 
sciatica—Dr Robert Judet (France) had felt increasingly the need to supplement removal of the 
prolapsed disc by spinal fusion. By combining this with an acrylic prosthesis which bound the 
last three lumbar vertebrae not to the sacrum but to the posterior iliac spines, he had been able 
to avoid the major disadvantage of a graft, namely the necessity for prolonged immobilisation 


Lumbar myelography with water soluble medium—Dy Folke Knutsson (Sweden) had carried 
out myelography in 900 cases with 8-10 c.c. of 20 per cent diodone ten minutes after subarachnoid 
analgesia with 1 c.c. of 5 per cent solution of procaine. Mixing with the cerebrospinal fluid, the 
water-soluble medium reached every dural recess and would reveal even depressions in the nerve 
root (Acta Orthopaedica Scandinavica 1951, 20, 294). 

Epidural myelography—Dy ]. ]. Herbert (France) stressed the importance of clinical diagnosis, 
with appraisal of the neurological and orthopaedic signs, which were extremely important. He 
condemned the intradural use of lipiodol as sometimes leaving pronounced sequelae but advocated 
and illustrated epidural myelography by a modification of the technique of Forestier and Sicard, 
with careful study of various projections taken with the patient standing both flexed and extended. 
Removal of the disc should not be undertaken within four or five months of the onset of symptoms, 
because the herniation should be mature before removal. Routine spinal fusion after removal of 
the disc was considered to make the poor results fewer. 

Diagnostic disc puncture—Dr Knut Lindbolm (Sweden) described the results of disc puncture 
using 2 c.c. of 35 per cent diodone with 0-25 c.c. of 5 per cent procaine under fluoroscopy with 
the patient prone (Acta Orthopaedica Scandinavica 1951, 20, 315). A normal disc takes about 
0-5 c.c. of fluid, a ruptured disc more. Distension of a normal disc produces local pain: that of a 
pathological disc reproduces the patient’s usual low back and sciatic pain. The radiograph of the 
injected normal disc shows filling of two spaces, one above and one below the nucleus: with rupture, 
one (or both) of these projects into and sometimes through the annulus. No evidence had been 
found that puncture by the needle of 0-5 millimetre diameter had produced any disc protrusions, 
but the method was not recommended as a routine investigation. 

Dr Ph. Evlacher (Austria) stated that nucleography had the clinical advantages of giving 
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information on the shape and situation of the nucleus within the disc, the size of any herniation 
and the degree of degeneration of the annulus, and furthermore of giving a picture when 
myvlography failed. 

Morbid anatomy of lumbar discs—Dr M. Dubois (Switzerland) considered that pathological 
changes should be regarded as a ‘‘ discopathia ’’ rather than rupture, a biological problem rather 
than a mechanical problem and one which involved the lateral ligaments, ligamenta flava and other 
joint structures as well as the disc. Dehydration and degenerative changes were coincident with 
the symptoms, at about thirty to fifty years. 

Dr Karl Hirsch (Sweden) had found anatomical evidence that degenerative changes without any 
histological manifestation of repair were common at all ages, but notably between the ages of 
thirty and fifty years. The changes in the nucleus preceeded those in the annulus, which habitually 
disrupted from within outwards. Only a fraction of a centimetre of liquid could be injected into 
a healthy disc, but a degenerated one would accommodate 1-2 c.c. Raising the pressure would 
excite the patient’s usual pain. 

Minute structure of nucleus pulposus: physiological changes with age—Dy Bengt Sylvén 
(Sweden) (Acta Orthopaedica Scandinavica 1951, 20, 275), who showed electron photomicrographs, 
explained that a healthy nucleus pulposus consisted of chondrocyte-like cells lying in a matrix 
composed of interlacing collagen fibrils coated by a polysaccharide-protein complex containing 
about 83 per cent of water. The polysaccharide was probably not hyaluronic acid but 
chondroitin-sulphuric acid. It was their polysaccharide coating which rendered the collagen 
fibrils hydrophilic. It would not be possible to fulfil the nutritional requirements of such a system 
by diffusion alone. In about the third decade there was a gradual diminution in cells and patchy 
loss of mucoid material, the water content becoming reduced, so that as ‘‘ degeneration "’ advanced 
the collagen bundles became devoid of mucoid material. 

Diffusion within the nucleus: quantitative studies—Dy Sten Paulsson (Sweden) described 
the principles of and new methods for quantitative diffusion studies on mesenchymal tissues 
that were, optically, fairly homogeneous, such as the nucleus pulposus. 

Dy Olle Snellman (Sweden) had found that the diffusion rate of many substances in the nucleus 
pulposus was about the same as that in a gelatin gel of the same water content, and was low. 
Fluid inbibition as a cause of herniation of the nucleus pulposus—My John Charnley (Great 
Britain) described experiments illustrating the swelling of the nucleus pulposus in isotonic saline, 
which he found to be greater than that of other tissues tested and which he thought might be an 
important factor in nuclear protrusion. 

Sources of pain other than discs—Dr Ralph Kk. Ghormley (U.S.A.) analysed the causes of pain 
in 2,000 patients attending the Mayo Clinic in 1940 with a main complaint of backache or 
backache with sciatica. Most were suffering from conditions other than protrusion of an 
intervertebral disc—for instance, ankylosing spondylitis, osteoporosis, neoplastic diseases, etc. 
Dr Steele F. Stewart (Hawaii) had observed the reaction to the heavy work of stevedoring in men who 
had been previously radiographed. Of those with spondylolisthesis about twice as many complained 
of pain after heavy work as had complained before; but there was no increased complaint in those 
with spondylolysis or with spina bifida, and there was very little increase among those with 
asymmetrical facets. His observations confirmed that heavy work is unsuitable for the subjects 
of spondylolisthesis. 

Drs J. Delchef and N. Walch (Belgium), Dy Carlo Marino-Zuco (Italy) and Dr Edouard Samson 
(Canada) attached importance to anomalies of other parts besides the disc, and especially of the 
lateral joints. 


Avitaminosis and Osteopathy 


Vitamins and osteopathies—Dy Raffaele Zanoli (Italy) summarised the most important effects 
of vitamins upon bone, namely the effects of vitamins A, B complex, C, D, and E. Vitamin A had 
an action on growth, affecting enchondral ossification and bone repair; but he greatly doubted 
whether vitamin A deficiency played any part in the osteochondrodystrophies, as was sometimes 
supposed. Excess of vitamin A would produce in children mid-diaphysial ossification of the 
long bones. Complex B influenced growth, defect being most noticeable in avitaminosis B1. 
Nicotinic acid had been proved to stimulate and accelerate the formation of fracture callus. 
Subclinical deficiency of riboflavin during pregnancy tended to produce various clinical 
deformities in the offspring, such as partial or total absence of limbs, club foot, webbing, etc. 
Some deformities had been traced to lack of pantothenic acid and biotin. Excess of vitamin B 
arrested osteoblastic activity and collagen formation. Chronic vitamin-C deficiency seemingly 
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produced osteophytes and arthropathies resembling chronic arthritis. He had observed its deficiency 
in Paget’s disease. Most authors considered that union of fractures was not accelerated by 
vitamin C unless it was previously deficient. Vitamin D, besides playing a part in growth by its 
specific influence on mineral deposition and manifesting deficiency by rickets and osteomalacia, 
according to the author was concerned in senile osteoporosis and in osteodystrophy. Excess of 
vitamin D would provoke decalcification of fractures. Possibly deficiency of vitamin E accounted 
for the concentric atrophy of bone in certain myopathies. 

Relation between avitaminosis C and experimental arthritis—Dr Giuseppe Annovazei 
(Italy) had studied the effect of avitaminosis C on experimental formol arthritis in guinea-pigs. 
The arthritis was worst if the vitamin-C deficiency was induced soon after the arthritis, and was 
least if avitaminosis was already prorounced when the arthritis was induced. 

Joints, bones, and wound-healing in partial vitamin-C deficiency—Dyr EF. Kodicek (Great 
Britain) had studied histologically, with Drs Bradfield, Danielli, Fell, and Murray at the 
Strangeways Research Laboratory, Cambridge, the effect of chronic partial deficiency of vitamin C 
in about 700 guinea-pigs. Besides the dental changes, porosis of bone and failure to convert 
precollagen into collagen in cases of acute scurvy, in chronic scurvy hyperostoses and arthritic 
changes also were found. Experimental fractures of the fibulae in guinea-pigs healed slowly 
without proper callus formation. In partial vitamin-C deficiency hyperostotic tissue developed 
about the site of injury and sometimes in the uninjured limb. The newly formed bone radiated 
outwards in a trabecular pattern from the surface of the bone to the fibrous periosteum. 
Micro-fractures of the proximal ends of the tibiae caused bow leg. Most of the chronically deficient 
guinea-pigs developed a joint condition with a histological picture like that of human rheumatoid 
arthritis. The joint would usually become fixed in flexion with, after a few months, fibrous 
ankylosis and complete destruction of the articular surfaces. In some animals 10 milligrams 
of cortisone acetate daily relieved the swelling in a few days. All the appearances in vitamin-C 
deficiency, except this arthritis, were explicable by failure of collagen formation and the 
accumulation of pre-collagen. Connective tissue formation in wounds was studied. In a wound 
in an otherwise normal animal, much alkaline phosphatase is found a few days after injury when 
collagen formation is at its peak. Alkaline phosphatase was not found in the wounds of vitamin-C 
deficient animals. The collagen fibres in a ‘‘ normal ’’ wound were arranged in an orderly network 
parallel to the surface. Those in a “‘scorbutic’’ wound were irregularly arranged and were 
ensheathed in a muco-polysaccharide which was not glycogen and was not removed by 
hyaluronidase. The abnormal accumulation of a polysaccharide in scurvy seemed to be a 
manifestation of the profound influence that vitamin C appeared to have on muco-polysaccharide 
metabolism. 

The effects of vitamin E on fracture callus and on bone growth—Dy .V/. Casuecio (Italy), 
with Dr G. Bantho, had found that deficiency of vitamin E delayed callus repair of experimental 
fractures; convincing histological preparations were shown. With Dr A. Santacroce, he had 
found that hypervitaminosis E increased the percentage gain in weight of young rats and that 
hypovitaminosis E diminished it. Histological modifications of cartilage growth were found in 
the deficient animals. He did not like to suggest the mechanism because of the complicated link 
with endocrines such as the hypophysis and gonads. 

Avitaminosis and osteopathy. Some American cases—Dy A. FR. Shands, Jr. (U.S.A.) 
commented on the present rarity of diagnosed vitamin deficiency in U.S.A., where 176,220 patients 
admitted to fourteen crippled children’s hospitals had included one case of vitamin-A excess, 
no cases of vitamin-B disturbance, forty-eight cases of scurvy (twelve with vitamin-D deficiency 
also), sixty-one of acute rickets and 1,213 of healed rickets. He showed radiographs of a patient 
with vitamin-A excess, the striking features of which were sub-periosteal new bone and very 
dense metaphyses. He referred to a case that he had described (in 1948 at the joint meeting of 
Orthopaedic Associations in Quebec) of a foetus whose radiograph showed no bony shadows 
except those of the clavicles, a condition which he now ascribed to vitamin-C deficiency without 
saying why. The mother had since had a normal infant. 


Chemotherapy of Tuberculosis 
Treatment of bone and joint tuberculosis by streptomycin with operation—Dys Svante 
Orell, Mac Fellinder and Olov Lindahl (Sweden) considered that chemotherapy had transformed 
the treatment of bone and joint tuberculosis, which could now be treated by operation earlier 
and more radically than before, with only slight risk of disseminating or activating the disease 
provided chemotherapy was given for a short time before and afterwards. In some cases in which 
a primary focus entering a joint had been eliminated, and in some cases of primary synovial 
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tuberculosis in which synovectomy had been carried out, good joint mobility had been obtained. 
In cases of destructive arthritis radical resection had been followed by fusion. In cases of Pott’s 
disease, not only abscesses but even bone foci could often be operated upon radically, by 
costo-transversectomy in the thoracic region and by an extraperitoneal approach in the lumbar 
region. In tuberculosis of the greater trochanter the focus was excised, with care to follow the 
deep sinuses. Radical surgical measures would reduce the period of treatment and diminish the 
risk of recurrence. 

Professov Akif Chikar Chakar (Turkey) stated that tuberculous disease of bones and joints 
had increased at least six times in Turkey since before the last war, and he had had the 
opportunity of treating more than 300 such cases by streptomycin, used as a supplement and not 
an alternative to orthopaedic treatment. Streptomycin was given intramuscularly every day 
and, when possible, into the focus two or three times a week. The injection of sinuses had produced 
spectacular results, even in those of several years’ standing, 80 per cent drying up within two to 
eight weeks, though there were recurrences and failures. Resections and arthrodeses were now 
done early. In some cases with sinuses, granulation tissue and necrotic material were removed 
from the local focus, which was then bathed several times a day with streptomycin; healing 
had been obtained in six to eight weeks, and, if osteogenesis has been insufficient, a periosteo- 
cortico-cancellous graft from the greater trochanter had been inserted. 


Congenital Dislocation of the Hip 
Closed reduction for congenital dislocation of the hip—Dry EF. Severin (Sweden) had studied 
the later development of congenitally dislocated hips treated by closed reduction. Soft tissue 
was nearly always interposed between the femoral head and pelvis but usually atrophied gradually 
if the head remained in the acetabulum. Primary interposition did not itself justify open reduction, 
which should be reserved for the very few cases in which closed reduction was unsuccessful. 
Femoral rotation osteotomy and congenital dislocation of the hip—Dy F. Platow (Norway) 
regarded anteversion as the chief cause of failure after closed reduction, and resorted to rotation 
osteotomy in almost all cases in which the anteversion was 45 degrees or more. He did not wait 
to see whether the hip might be stable in spite of anteversion: the operation was performed as 
part of the programme of primary treatment. He used a plate and screws to secure the fragments 
and performed the bone section just below the greater trochanter. 

Conservative treatment of congenital dislocations of the hip in the child by the method 
of Le Damany—Dr André Tréves (France) described a modification of this method. After 
reduction and three months of plaster a metal appliance was used to prevent extension and 
adduction without impeding flexion or knee movements, so that deepening of the acetabulum 
and derotation of the femoral neck were favoured. 

Resection-reconstruction in the treatment of old congenital dislocation of the adult— 
Dy Jean Judet (France) had operated on forty adults with old unreduced dislocation of the hip 
that was painful or producing gross deformity. The femoral head was excised and replaced 
by an acrylic head. The acetabulum was deepened or, if the head had gone up more than 
about six centimetres, a new acetabulum was made. By lengthening the muscles it had always 
been possible to lower the head without shortening the femur. Gait, stance and pain were improved. 


Other Hip Surgery 
Arthrodesis of the hip—r H. A. Brittain (Great Britain) gave a moving-picture demonstration 
of a ‘‘ closed ’’ method of arthrodesis by a Smith-Petersen nail in the ilium and a tibial bone graft 
in the ischium without femoral osteotomy. The advantages claimed over other methods were: 
less operative shock; freedom from post-operative external fixation (except sometimes a short 
plaster spica for three weeks); maintenance of knee mobility and general mobility, with early 
walking at two to three weeks; compression of the graft; and earlier fusion. The operation had 
been carried out in more than fifty patients with unilateral osteoarthritis unrelieved by 
conservative measures. Three had died from secondary carcinoma, pyelonephritis and pulmonary 
embolism. Among thirty-eight of the others followed up for one year, thirty-five gained bony 
fusion. 

Late results of ischio-femoral arthrodesis — Dy Marcel Galland (France) regarded 
ischio-femoral arthrodesis as more favourable than ilio-femoral arthrodesis. The advantage of a 
graft under compression over one under tension or traction was well illustrated when both were 
carried out in the same patient, the ischio-femoral graft increasing and the ilio-femoral becoming 
porotic. 
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Pseudarthrosis of the hip—Myr ]. Agerholm-Christensen (Great Britain) spoke of the value 
of excision of the head and neck of the femur as practised by the late Gathorne Girdlestone at 
Oxford for osteoarthritis in the frail and for ankylosing spondylitis. A weight-bearing caliper 
was used for at least six months afterwards. A film of a patient who had undergone the operation 
showed remarkably good function, including fair hip stability. 
Preliminary report on hip arthoplasty with acrylic head—Dy Sven Kiaer (Denmark) had 
carried this out in fifty patients (thirty aged forty to sixty, nineteen aged sixty to seventy, and 
one aged seventeen years), twenty-one for osteoarthritis, usually bilateral. The tests of success 
were improvement in pain, mobility, and gait. In those operations carried out by Judet’s method 
the capsule was retained and sutured in fifteen and extirpated in twenty-nine, without clinical 
difference in the results except that perhaps movement returned more quickly after excision of the 
capsule. There were no deaths or serious complications, and nearly all the patients were relieved 
of pain or greatly improved. 
Bone reaction to methylacrylic plastic—Dyr M. K. Jansen (Denmark) stated that any internal 
prosthesis must be stable, easily worked to give a polished surface, and of sufficient tensile strength 
and hardness. With Drs Sven Kiaer, W. Krogh Poulsen, and Erik Henrichsen, he had experimented 
with methylacrylic ester, which is partly soft at 50°C. Implanted in the bones of growing chicks 
it caused no reaction whatever, but between bone and periosteum new fibrous tissue might form 
in which new bone was laid down. 
Use of the Geiger counter in estimating the blood supply in the femoral head—Dr Harold 
B. Boyd (U.S.A.) recalled that after fracture of the neck of the femur 40 per cent of femoral heads 
underwent aseptic necrosis, and he described experiments with a method intended to predict 
before nailing whether the head would survive. Experiments were carried out in both dogs and 
men; a tracer (P,5) was injected into the blood stream before operation, at which a special Geiger 
counter was inserted into the head of the femur and in the trochanteric region, the counts at the 
two sites being compared. 
Coxa vara congenita—Dr Rangnar Magnusson (Sweden) had carried out subtrochanteric 
osteotomy on sixty-five cases of infantile coxa vara in fifty-one patients, whose average age was at 
the time of operation 10-9 years, and at the follow-up 27-3 years. Both anatomical and functional 
results were better in those operated upon at about the age of nine years than in the older ones. 
An excellent series of radiographs was shown illustrating the long term results at various ages. 
Considerations on the slipping epiphysis of the femur—Dyr P. Del Torto (Italy) recalled that 
the etiology was still uncertain, a malacia of vascular origin being in his opinion most likely. 
Choice of treatment depended upon the stage of the disease, the general condition of the patient 
and whether one hip was affected or both. In the stage of early slipping, relief of weight-bearing 
might suffice; in the stage of loosening, reduction and osteosynthesis were desirable; in the stage 
of sequelae usually there was nothing for it but an osteotomy. The author had, in ten cases, 
introduced two thin bone grafts into the head from the trochanteric region through the neck of 
the bone. 

Fractures and Repair of Gaps in Long Bones 
Fractures of the neck of the humerus: classification and treatment of extension type— 
Dr Evin Madsen (Denmark) had found, among 117 fractures of the neck of the humerus, seven 
different types, but only four types seemed to be important: infractions, impacted with little 
or no displacement, 32 per cent; abduction fractures, with three fragments, 21 per cent; adduction 
fractures, with lateral angulation, 8 per cent; and extension fractures, with posterior (sic) 
angulation, 32 per cent, frequent in the young. The first three fractures rarely needed reduction 
and were treated with early immobilisation, except that a few adduction fractures needed reduction 
and fixation in abduction. The extension fracture usually needed reduction of the angulation, 
which was carried out under anaesthesia by carrying the elbow forwards and across the chest until 
it nearly touched the healthy shoulder, strong manual traction being applied simultaneously to 
the flexed forearm. The limb was fixed in plaster or bandaged over a big pad of cotton wool so that 
it was 90 degrees in front of the frontal plane and flexed 50-60 degrees at the shoulder. 
Fracture of calcaneum [os calcis], involving subtalar [subastragaloid] joint—Dr Walther 
Ehalt (Austria) advocated arthrodesis of the subtalar (subastragaloid) joint by rawing the 
lower surface of the talus and inserting a bone wedge (from the iliac crest or the bone bank) about 
as wide as the calcaneum and about 2 centimeters high behind, tapering to 2-3 millimetres in 
front. The plaster is worn for three months and walking allowed after six weeks. Return to work 
was accelerated by this method of improving the tuber-joint angle and promoting fusion of the 


subtalar joint. 
Dr Evin Madsen (Denmark) advocated early arthrodesis with measures to prevent dense scarring. 
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Homogenous bone graft and medullary nailing in the treatment of large defects of long 
bones—Dy Ivar Palmer (Sweden) had carried out experiments to test the principle of combining 
a medullary nail (for fixation) with a tubular transplant (for structural design) and cancellous 
autogenous chips (to stimulate osteogenesis). It was found in dogs that, whereas homografts 
bridging defects were rapidly absorbed, a reliable bridge of callus was produced if autogenous bone 
chips were packed round the graft. These two forms of graft were successfully combined with a 
medullary nail in man. 

Bridging of bone defects in the forearm—Dr Ernst Spiva (Israel) showed a film and reported 
the results of an operation in which, after excision of scar tissue and resection of all sclerotic bone, 
an ulnar or an iliac graft was secured in the gap by transfixion with a nail passed through the 
medulla of the proximal and the distal fragments, the whole being packed about with bone chips. 
He had operated upon fourteen bones (four ulnas and ten radiuses) in twelve men and one 
woman, the fractures being the consequence of gunshot wounds in twelve and a road accident in 
one. Of eleven iliac grafts nine had succeeded and two had failed. Of the ulnar grafts two had 
succeeded and one had failed. Three wounds became septic. 


Surgery of Bone Tumours 
Treatment of giant-cell tumours of bone—Drs José Valls, Fritz Schajouwicz and Silvano 
Mondolfo (Argentine), on a basis of fifty-five cases, suggested: excision of early lesions when 
compatible with full function (for instance, if in head of ulna or of fibula, or in rib or patella, etc.) ; 
currettage of small lesions whose excision would mean loss of function, the cavity being packed 
with cancellous bone; complete excision in advanced or recurrent cases, with subsequent 
reconstructive operations to overcome loss of tissue. Radiotherapy should be reserved for cases 
in which surgery was impossible. Amputation might be required for post-operative infection, 
a tumour whose size prevented excision or for malignant change. Besides the merely locally 
aggressive tumour there was an uncommon malignant tumour; in five such cases, histologically 
studied, the metastases had all been of fibrosarcoma. 

Resection of bone tumours with replacement by metallic prostheses— Professor F. Delitala 
(Italy) showed moving pictures of removal of the upper end of the humerus and of the lower end 
of the radius for tumours and replacement by previously made metallic substitutes. 

Biological resection in the treatment of malignant bone tumours—Dr Adam Gruca (Poland) 
in twelve cases had, since 1937, been able to resect a malignant bone tumour and, instead of 
replacing it by a bone graft, had sterilised the resected tissue by diathermy and put it back, so 
that it became a dead scaffolding. 


Some Other Papers 
Experimental causation of skeletal abnormalities in developing chicks and _ its 
significance in orthopaedic surgery—Dy P. K. Duraiswami (Great Britain), by injecting the 
yolks of hens’ eggs with insulin (British Medical Journal, 1950, ii, 384), had produced in the 
embryos defects resembling spina bifida, scoliosis, ‘‘ lobster claw ”’, club foot, arthrogryphosis, 
pseudarthrosis, congenital bowing of tibia, congenital dislocation of knees and hips and 
generalised conditions such as osteogenesis imperfecta, achondroplasia, chondro-osteo-dystrophy 
and dyschondroplasia. Some of the abnormalities, such as club foot and osteogenesis imperfecta, 
reappeared in a succeeding generation. Insulin-induced abnormalities could be prevented with 
nicotinamide and riboflavin. A colour motion-picture was shown of some of these abnormalities 
in live chicks. 

Stimulation of bone growth by redistribution of the intra-osseous circulation—Pyvofessor 
J. Trueta (Great Britain) had observed that overgrowth in osteomyelitis was found chiefly in those. 
cases in which the diaphysis was principally involved, especially if there appeared to be interruption 
of the marrow cavity. Sometimes this would become restored after a time and then overgrowth 
would cease. The overgrowth of long bones after fracture of the shaft, observed by Bichat, had been 
found at Oxford to involve mainly fractures with overlap, in which the nutrient artery might well 
be damaged. The overgrowth was ascribed to metaphysial hyperaemia, and similar changes had 
been produced in the rabbit’s tibia after blockage of the nutrient foramen with wax. 

Tibia vara (osteochondrosis deformans tibiae)—Dy Anders Langenskidld (Finland). Fifteen 
cases of the infantile type had presented marked abnormal angulation of one or both legs, before 
the age of three and a half years with one exception. Bilateral osteotomy was performed in seven 
cases and unilateral osteotomy in seven. Bone was examined in nine cases; it showed great 
irregularity at its junction with cartilage, which itself was irregular. Changes were ascribed to 
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mechanical strain. Ten cases were followed up for a period of one year to three years and five 
months. If osteotomy had been performed before the age of six years, correction was maintained 
and the knee was stable. In three patients in whom operation, with incomplete correction, had 
been carried out between the ages of nine and a half and eleven years there was considerable 
recurrence of deformity and excessive laxity of the knees. Early osteotomy was recommended 
if angulation exceeded 10 degrees. In the adolescent type, deformity appeared between eight and 
thirteen years of age and was unilateral, with tibial shortening of 1 to 3 centimetres; osteotomy 
gave a good primary result in three cases. 

Plantar digital neuroma—wMr K. 1]. Nissen (Great Britain), having explored an interdigital 
nerve from the plantar aspect in over a hundred cases of Morton's disease, described the sequence 
of changes in the nerve and in the digital vessels approaching it medially from behind the 
transverse ligament. He regarded the changes in the nerve as secondary to those in the artery, 
which after two months of symptoms was thick and tortuous, though still patent. At three months 
not only was it involved in fibrous tissue but so was the nerve. At six months the fibrous tissue 
became smoothed to the shape of the nerve, and the artery gradually atrophied so that at twelve 
months it had disappeared. 


General Meeting 

At the general meeting, with Professor Sir Harry Platt in the Chair, the secretary-general 
Dr Jean Delchef reported that the Society had been recognised officially by the Belgian 
Government. These countries had accepted invitations to become members: Bulgaria, Egypt, 
Israel, Luxemburg, Mexico, New Zealand. It had not been possible for meetings to take place 
consecutively with those of the International Society of Surgery, because at present these were 
held every two years. He expressed thanks to the officers of the Congress for the excellent 
arrangements. He read the Treasurer’s report on behalf of Dr Charles Parisel, reporting a credit 
balance and that the subscription need not be increased; this was to be collected from their own 
countries by delegates; it was agreed that it should cover admission to the scientific sessions. 
Election of officers of the Society—The following were elected. President—Professor Sir Harry 
Platt; vice-presidents—Professor Etienne Sorrel and Professor José Valls; secretary-general— 
Dr Jean Delchef, with the assistance of Dr P. Kempeneers and Dr Van Cauwenberghe; treasurer— 
Dr Charles Parisel. The delegates for newly-elected countries were: India—Dr P. K. Duraiswami; 
Japan—Professor Isaharu Miki; and Portugal—Dr A. Rodo. Readmission of the German members 
was agreed. 

Plans for Congress in 1954 — After a ballot, it was agreed to hold the 1954 meeting 
in Switzerland. Dr Marcel Dubois stated that the Society would be welcome, that the best centre 
would probably be Interlaken, and the best time of year early September. Professor Waldenstrém, 
being retired from practice for some years, felt unable to undertake presidency of the Congress, 
and Dr Etienne Sorrel was unanimously elected, with Dr Richard Scherb as honorary president 
and Dr Marcel Dubois as vice-president. Delegates were asked to submit within a month the 
names of the subjects which their countrymen would like discussed. 


Entertainment 
There were many delights for the members and their families visiting one of the most beautiful 
capital cities of the world populated by the most hospitable and courteous of peoples. Nearly 
all had at least one private invitation and were able to witness the artistic provision of food, 
drink and entertainment for large numbers in small homes. Official invitations included a soirée 
at the National Museum, where it was possible to enjoy a concert by the Stockholm Chamber 
Orchestra and see many works by the old masters and others. Perhaps the most delightful 
entertainment was first a City reception in the beautiful Town Hall and thence by water to the 
Palace of Drottningholm, where supper (described in a masterpiece of understatement as a “‘ little 
picnic ’’) was taken in the foyer of the eighteenth-century State theatre, in which afterwards 
members were enchanted by ballet and music of the eighteenth century given by members of the 
ballet and artistes of the Royal Opera, including Mme. Elisabet Séderstrém and M. Carl-Axel 
Hallgren. The week finished with a banquet for some four hundred guests at the Grand Hotel 
Royal where the diversions included students’ songs and dancing. 
It would be wrong to close this summary of the congress without mentioning the excellence 
of the organisation, which was, if possible, as outstanding as the hospitality. 
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EARLY DIAGNOSIS IN CONGENITAL DISLOCATION OF THE HIP 


From Mr S. A. S. MALKIN, NOTTINGHAM, ENGLAND 


To the Editor, 
Journal of Bone and Joint Surgery 


DEAR SIR, 

If that great orthopaedic surgeon, Vittorio Putti, had been present at the recent 
discussions in London and at Cambridge on the treatment of congenital dislocation of the 
hip, he could very justifiably have repeated the paper on this subject which he read to a 
joint meeting of the British and American Orthopaedic Associations in 1929. The paper 
ended with these words: ‘‘ To improve the results of treatment of congenital dislocation of 
the hip, one must lower the age limit for beginning treatment. But to render this possible, 
it is necessary for parents to learn to bring their children for medical examination early and 
that the doctors should be able to make their diagnosis in time. That will certainly occur 
in the future with suitable propaganda and better orthopaedic training in the medical 
profession. In Italy we have already felt the benefit of compulsory orthopaedic instruction 
in the universities.” 

His advice—not to do more surgery but to commence treatment much earlier—is 
needed as much to-day as it was in 1929. In Great Britain it could be adopted more 
easily now than then. A large proportion of children attend maternity and child welfare 
clinics and, if one orthopaedic surgeon in each district would make it his business to see that 
every clinic doctor and nurse were instructed in the early signs of dislocation, children could 
be referred early to orthopaedic clinics for examination, X-ray and treatment when necessary. 
The result of this should be out of all proportion to the effort involved. 

My object in writing this letter is to suggest that orthopaedic surgeons should re-read 
Professor Putti’s paper and see that in their districts the appropriate action is taken. 


Yours truly, 


June 7, 1951. S. ALAN S. MALKIN. 


DEVELOPMENTAL COXA VARA 


From Dr A. B. LE MESURIER, TORONTO, CANADA 


To the Editor, 
Journal of Bone and Joint Surgery. 


Dear SIR, 

At the combined meeting of the American, British and Canadian Orthopaedic Associations 
held in Quebec I presented a paper on Developmental Coxa Vara which was published in the 
British Number of the Journal of Bone and Joint Surgery, November 1948. In this a method 
was described of treating the milder cases of this condition in which there was a definite bony 
gap in the femoral neck but in which the coxa vara deformity was not yet bad enough to 
produce, by itself, any disability or to need correction. Instead of doing the usual abduction 
osteotomy two tibial bone grafts were inserted through a drill hole extending up the neck of 
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Fic. 1 
Case 1—Before operation. 
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Fic. 2 
Case 1—Eleven months after operation. 


Fic. 3 
Case 1—Three and a half years after operation. 
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Fic. 4 
Case 2—Before operation. 


Fic. 6 
Case 2—Three and a half years after operation. 
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Fic. 8 
Case 3—Four months after operation. 


Fic. 9 
Case 3—Three and a half years after operation. 
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the femur, across the gap in the bone, and into the head, in the hope that the gap would, in 
time, become filled in by solid normal bone and that there would be no increase in the 
deformity. Three hips treated in this way were reported, and radiographs taken at the time of 
the paper, three months, four months and eleven months after the operations all looked very 
promising and showed a fairly satisfactory filling in of the gap by bone and no increase in 
the coxa vara deformity. The opinion was expressed in the paper that the insertion of the 
graft was much the best way to secure closure of the gap in the bone. 

However, not one of these three cases has lived up to this expectation and no further 
cases have been treated in this way. Figures 1 to 9 show the present condition of all of these 
three hips, now about three and a half years after the operations. In none has there 
been a satisfactory filling in of the gap with bone of normal density and thickness and in all 
there has been an increase in the coxa vara deformity. In all three cases the condition was 
bilateral and, in all, the other hip was treated in a different way, one by the insertion of a 
Smith-Petersen nail and two by osteotomies. In all three patients the grafted side is now 
considerably the worse although in two it was originally distinctly better. It must be admitted 
that the insertion of the bone graft is certainly not the best way to secure closure of the gap 
in the bone in a case of developmental coxa vara and it seems wise to draw attention to this 
fact before anyone else is tempted to try the method. 


Yours very truly, 


A. B. LE MESURIER. 


March 29, 1951. 


ADVANCED ACTINOMYCOSIS OF THE SPINE TREATED WITH 
PENICILLIN AND STREPTOMYCIN 


From Mr M.S. Brett, Lonpon, ENGLAND 


To the Editor, 
Journal of Bone and Joint Surgery. 


DEAR SIR, 

I have to inform you that the patient suffering from actinomycosis of the spine, whose 
case history I reported in the last number of the Journal of Bone and Joint Surgery 
(Vol. 33 B, page 215), subsequently died. I wish to place on record the details of the final 
episode which led to his death, together with some of the post-mortem findings. 

He worked as a carpenter throughout last winter and had no symptoms except slight 
shortness of breath on exertion. He attended for routine examination in March 1951 and 
appeared very fit, with no trace of oedema. There was a fixed smooth thoracic kyphosis but 
the lumbar spine was mobile. Chest expansion was minimal because of fixation of the 
costovertebral joints which had been involved by the disease. Abdominal examination was 
negative. The urine contained a large amount of albumin and a few hyaline casts. 

Results of investigations were as follows: haemoglobin 110 per cent; W.B.C.’s 11,000; 
plasma proteins 6-7 grammes per cent (albumen 3-4 grammes per cent, globulin 3-3 grammes 
per cent); blood urea 40 milligrams per cent; B.S.R. 82 millimetres per hour; urea 
concentration test 2-4 per cent, 4-0 per cent, 3-5 per cent. Radiographs of the spine showed 
further increase in density of the vertebral bodies and change towards normal. 

Within one week of returning home he developed general malaise with pain in the chest 
and back of the left side, and a large abscess appeared. He was readmitted to St Mary's 
Hospital under Mr A. Dickson Wright on April 6, 1951; his general condition was fairly good 
but there was slight generalised oedema. A large fluctuant swelling was present over the 
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lower end of the left scapula and the pus from this was drained through one of the old sinuses. 
The urine showed a thick deposit of hyaline and granular casts. Repeat investigations showed : 
haemoglobin 80 per cent; plasma proteins 5-78 grammes per cent (albumen 0-7 grammes 
per cent, globulin 5-0 grammes per cent); B.S.R. 120 millimetres per hour; blood urea 109 
milligrams per cent. The streptothrix was not found in the pus and the culture was negative. 

Treatment with penicillin, one million units daily, was started and within a few days 
the abscess stopped discharging and the sinus healed rapidly. All pain and tenderness 
disappeared within two weeks. 

His urinary excretion remained very low, in spite of the presence of oedema, and very 
careful management of fluid and protein administration was entailed. In spite of this his 
condition slowly deteriorated from the effects of renal failure and the blood urea level rose 
as high as 500 milligrams per cent. He died on May 2, 1951. 


Fic. 2 


Figure 1—Sagittal section of the 
thoraco-lumbar spine removed at 
necropsy. 


Figure 2— To show the small lesion 
in the first lumbar vertebra. 


Post-mortem findings. Chest—There were dense adhesions posteriorly between the lungs 
and chest wall on both sides. Bilateral pleural effusion was present. The oesophagus was 
normal. Abdomen—Liver large and fatty. Spleen small. A very small amount of amyloid ; 
disease was found in the arteries of these organs. Both kidneys were very large and pale. 

Practically all the glomeruli showed thickening of the basement membrane with amyloid 

disease and many blood vessels were affected by the same process. Many tubules were ; 
atrophic. Both adrenal glands showed almost complete replacement of the cortex and medulla 

by amyloid disease. The presence of amyloid disease was diagnosed macroscopically in the ; 
kidneys and adrenals but not in the liver or spleen. Spine and ribs—The spine and posterior 
ends of ribs were removed in one piece and cut sagitally (Figs. | and 2). The bone was of 
normal cancellous texture. There was partial fusion of adjacent vertebrae with some 
destruction of all the intervertebral discs from T.4 to T.11. The small cavity in the body 
of the first lumbar vertebra contained some debris, but no evidence of active actinomycosis 
was obtained. The dura was completely unaffected. In the course of dissecting the soft 
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tissues from the back of the ribs on the left side a small abscess cavity approximately half 
an inch in diameter was found connected with the left fourth rib. The contents were examined 
carefully, but no organisms were found. Psoas abscess—The whole of the psoas fascia on the 
left side was opaque and grossly thickened in contrast with the normal side. The muscle 
was fibrous and the appearance indicated complete resolution of the psoas abscess. 

Although no histological proof of active actinomycosis could be obtained it is almost 
certain that the abscess in the left fourth rib was due to a flare-up of the previous infection. 
Judging by the response to further penicillin therapy, the organism was still extremely 
sensitive to the drug. 

The cause of death was acute renal failure due to deterioration of a long-standing 
widespread amyloid nephrosis of the kidney. The kidney lesion was presumably secondary 
to chronic actinomycosis and the acute episode was probably due to the acute exacerbation 
of the actinomycosis. In view of the extensive amyloid nephrosis the expectation of life 
in this case was probably very short. However, it is reasonable to suppose that the recurrence 
of the actinomycosis with its fatal complication could have been prevented by penicillin 
therapy before the appearance of any symptoms suggesting recrudescence of the disease. It 
therefore serves to stress the importance of intensive and prolonged treatment of this type 


of case with penicillin. 


Yours truly, 


June 23, 1951. M. S. BRETT. 


MEMORIAL TO THE LATE PROFESSOR T. P. McCMURRAY 


From Mr Bryan McFaArRLAND, LIVERPOOL, ENGLAND 


To the Editor, 
Journal of Bone and Joint Surgery. 


DeEAR SIR, 

I am writing about the Memorial to the late Professor T. P. McMurray for which we are 
collecting funds. It is to take the form of a prize at Liverpool University. 

I feel that if your English readers knew how generous had been the contributions from 
overseas, particularly America, Australia, Canada, New Zealand, South Africa, they would 
be rather dismayed at the poor response that there has been in this country. I quite realise 
that it is difficult to be generous in this country at the present time, but I cannot help feeling 
that notice of the appeal must have failed to catch the eye of those who remember McMurray’s 
long connection with the British Orthopaedic Association. 


Yours truly, 


BRYAN McFARLAND. 


May 3, 1951. 
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ESSAYS IN SURGERY. Presented to Dr W. E. Gallie on the occasion of his retirement from 
the Chair of Surgery in the University of Toronto. With contributions by C. H. Best, A. B. Le 
Mesurier, H. M. Coleman, J. H. Couch, G. R. Walker, H. S. Coulthard, W. G. Carscadden, 
G. M. Dale, J. A. Dickson, A. W. Farmer, J. C. Boileau Grant, C. G. Smith, D. R. Mitchell, 
S. J. Shane, W. T. Mustard, J. E. Bateman, R. V. B. Shier, A. W. M. White, C. W. Harris, 
H. Wookey, F. R. Wilkinson, S. A. Thomson, R. M. Wansbrough, F. Turnbull, G. E. Richards, 
R. M. Janes, V. Peters, C. Ash, S. Gordon, A. Ham, F. G. Kergin, J]. W. Ross, K. G. McKenzie, 
W. D. Stevenson, J. Gray, R. C. Laird, W. Boyd, G. E. Wilson, R. I. Harris, R. R. Graham, 
W. R. Campbell, W. L. Robinson, J. D. Mills, C. H. Watson, D. W. Pratt, J. L. McDonald, 
J.C. McClelland, K. H. Davis, E. Massig, E. B. Tovee, L. R. Dragstedt, W. K. Welsh, I. Macdonald, 
R. Pearse, R. A. McComb, N. C. Delarue, H. G. Armstrong, C. Aberhart. 9x6in. Pp. xxiv +584, 
with 337 figures and 59 tables. Record of Gallie’s degrees, honours and appointments; bibliography 
of his writings. 1950. Toronto: University of Toronto Press. Price $9.50. 


If in his lifetime a surgeon is not excelled by his own pupils he is not a great teacher. To 
believe other than this is to pay reverence to the masters who demanded blind homage from their 
disciples and discouraged independent thought; it is indeed to deny advance in the science and art 
of surgery. No such criticism can be applied to William Edward Gallie. Not only did he inspire 
the spirit of investigation in colleagues and pupils and stimulate them by precept and example, 
but he took even greater pride in their achievements 
than in his own great contributions to surgery. He 
once said that there was no original thought after 
the age of thirty—and that the urge for personal 
advancement was then replaced by endeavour for the 
success of younger men. The particular age that he 
chose was possibly wrong, but the principle behind 
his thought was undoubtedly right; and thus it is 
that Gallie has achieved perpetual youth and been 
rewarded by the esteem and affection of every con- 
tributor to Essays in Surgery, which surely will take 
its place beside the Birthday Volume of Robert Jones 

Gallie’s clinical experience and experimental 
researches have been directed particularly to bone and 
joint surgery, and it is natural that the Essays should 
include contributions by Bateman on peripheral nerve 
injuries, Dickson on ununited fractures of the femoral 
neck, Gordon Dale on end-bearing amputations, 
Gordon and Ham on the fate of transplanted cancellous 
bone, John McDonald on fractures of the elbow joint, 
Robert I. Harris on spondvlolisthesis, and Coleman on 
the Gallie operation for recurrent dislocation of the WI 
shoulder. Pioneer work on fascial transplantation : 
is reflected in the article by Mills and Watson on fascial suture of hernia. There is an important 
contribution by Charles Best on heparin in blood clotting and thrombosis, and by W. T. Mustard 
on arterial contusion and thrombosis. But the great leader to whom these pages pay tribute was 
essentially a general surgeon, and the breadth of his inspiration is demonstrated by contributions 
on the spread of tumours by William Boyd, hyperinsulism by Roscoe Graham, recurring pancreatitis 
by Keith Welsh, congenital hypertrophic pyloric stenosis by Wansbrough, surgery of the jaws 
by Harold Wookey, pre-frontal leacotomy by Frank Turnbull, cleft palate by Le Mesurier—and 
a host of other contributions that are breathtaking in their scope and interest. 

insistent as Gallie has always been on the importance of broad training in general surgery 
before embarking upon a specialty, and soundly as he has trained every ‘‘ Gallie student '’ now 
practising throughout the Dominion, there is none more ready than he to recognise the merit of 
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specialisation. A few months ago Gallie arranged a Saturday luncheon for some of his former 
pupils who now represent every special branch of surgery—plastic surgery, traumatic surgery, 
thoracic surgery, neurosurgery, and so on—to meet the Sims Commonwealth Travelling Professor 
of Surgery and discuss the part to be played by specialists in training undergraduates. How I wish 
that all said that afternoon could have been incorporated in this volume of dedication. How 
characteristic it was of the great man that after a lifetime devoted to the claims of general surgery 
he could acknowledge the inevitability, and indeed the desirability, of training undergraduate 
students of medicine by specialist surgeons, while at the same time agreeing with fervour that 
specialist surgeons needed special training in undergraduate teaching. 

When the historical and scientific merit of this publication is recognised, and the production 
is acknowledged to be so excellent, one criticism will surely be accepted in a generous spirit. Why 
does the University of Toronto Press, in a series of three-hundred-odd illustrations, arrange that 
one hundred and twenty-five of them should be produced sideways—so that the reader is perpetually 
twisting the volume this way and then that, being no less anxious to avoid dropping it on the floor 
than to follow the argument of the contributor ? Is this a carping criticism ? 

Gallie has now retired from the Chair of Surgery of Toronto, having graduated as Bachelor of 
Medicine in 1903 and been honoured as Doctor of Laws honoris causa in 1949. The volume includes 
a list of his degrees and honours together with a complete bibliography. It is recorded that he is 
a Fellow of the Royal College of Surgeons of England, a Moynihan Lecturer, and recipient of the 
Gold Medal of the College—the mark of distinction guarded so jealously that it has been conferred 
only twenty-three times in one hundred and fifty vears. His honours have been great indeed; but 
none is greater than the publication of these Essays in Surgery. 

I have written it before of Hugh Owen Thomas and Robert Jones, but say it now again of 
William Edward Gallie: ‘‘ They, whose work cannot die, whose influence lives after them, whose 
disciples perpetuate and multiply their gifts to humanity, are truly immortal.’’—Reginald 
WatTSON-JONES. 


POST-GRADUATE LECTURES ON ORTHOPAEDIC DIAGNOSIS AND INDICATIONS. 
Volume 1. Section A: Propedeutics in Orthopedic Diagnosis. Section B: Congenital Deformities 
and Disabilities. By Arthur STEINDLER, M.D., F.A.C.S., Professor of Orthopedic Surgery, State 
University of Iowa, Iowa City, Iowa. 107 in. Pp. xx+289, with 290 figures. Index. 1950. 
Springfield, Illinois: Charles C. Thomas, Publisher. Oxford: Blackwell Scientific Publications Ltd. 
Price 55s. 


Professor Arthur Steindler, who during the past thirty years has been one of the most famous 
of living teachers of orthopaedic surgery, has been persuaded to publish the lectures enjoyed by 
large numbers of his postgraduate students. Volume I, which has now appeared, consists 
of two main sections. In the first section Steindler deals with the problems of diagnosis 
in affections of the locomotor system from the biophysical aspect, a method of approach which 
he has made his own. The first lecture is appropriately a study of the significance of symmetry 
and asymmetry of the body. Equilibrium and causes of disequilibrium are analysed, and the range 
of movement in joints is expounded in terms of kinetics. Other lectures in this section deal with 
the genesis of contractures, the interpretation of pain patterns, and the physiological and 
pathological mechanics of normal and abnormal gaits. The second section presents a study of 
congenital deformities and disabilities, beginning with a critique of the theories of pathogenesis. 
Steindler describes in turn all the well-known failures and growth disturbances of the skeletal 
and articular systems, both in their generalised and localised manifestations. In each clinical type 
of deformity he leads up to the principles of rational treatment from a consideration of its essential 
pathogenesis. 

This series of lectures reflects the author’s own perspective view of the problems under 
consideration. Other teachers might select from the literature and from their own experience a 
corpus of facts which would justify a somewhat different approach towards particular disabilities. 
But it is the personal approach which makes these published lectures a contribution of such 
outstanding distinction. Orthopaedic surgeons in all countries, and more especially those engaged 
in the teaching of both undergraduates and postgraduates, will find this volume, which reflects 
the ripe scholarship of one of the great master orthopaedic surgeons of our time, an invaluable 
addition to their library. We shall look forward eagerly to the appearance of the remaining volumes 
of the series.—Harry Piatt. 
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TRATADO DE CIRUGIA ORTOPEDICA. By M. Bastos Ansart. Pp. 1021 with 978 figures. 
1950. Barcelona, Madrid and Lisbon: Editorial Cientifico Medica. Price Ptas. 480. 


Dr Bastos Ansart has drawn on his ripe experience in the production of a comprehensive 
monograph covering the classical field of the older orthopaedics. His theme throughout is deforming 
“* disease ’’—congenital or acquired—a theme which he expounds with a wealth of descriptive text 
and illustrations. The mechanical and operative procedures described in detail are those which 
the author has found effective in his own practice, but the many references to the writings of 
contemporary orthopaedic surgeons show that he has been fully aware of what has been happening 
in the world of orthopaedics outside his own country. This book is a notable contribution to 
international surgical literature, and it testifies to the high standard of the Spanish school of 
orthopaedics.—Harry Patt. 


STUDIES ON TUMOUR FORMATION. By G. W. de P. NicHotson, M.A., M.B., B.Ch., 
Late Professor of Pathology, Guy’s Hospital, London. 107} in. Pp. x+637, with 183 figures. 
Index. 1950. London: Butterworth & Co. (Publishers) Ltd. Price £3, 3s. 


In his introduction to this book Professor Willis describes it as ‘‘ a fitting memorial to a great 
man who was too little known in his lifetime.’’ Nicholson’s approach to tumour pathology was 
that of the genera! biologist with a profound knowledge of structure and its functional interpretation. 
His background was that of the philosopher who had developed on the one hand a deep humility 
ever ready to acknowledge his ignorance, and on the other a sturdy independence of thought and 
fierce intolerance of popular dogma. For these reasons this book stands alone. While being 
stimulating, arresting, piquant and even entertaining, it is mainly concerned with fundamentals 
and, being closely reasoned and full of unorthodox and original conceptions, it is far from easy to 
read and demands patience and considerable mental effort to understand. Nevertheless the serious 
reader who masters its contents will be amply rewarded and more than likely to find his field of 
mental vision with regard to the biology of tumour formation very greatly enlarged. 

This volume consists of a collection, in chronological sequence, of a series of articles written 
between the years 1921 and 1938 and published in the Guy's Hospital Reports. There are several 
main threads running through most of these articles. The first is the belief that in structure, 
function, and manner of growth, tumours do not differ essentially from other tissues and obey 
the laws of growth that govern their behaviour. The second is that two basic factors are concerned 
in tumour growth—an external stimulus or factor of realisation, and an internal cellular reaction. 
It is heavily stressed throughout the book that this cellular reaction must be essentially natural 
and biological and entirely physiological. With regard to the external stimulus, or carcinogen, 
which almost dominates modern research, he was not greatly concerned. He believed that we 
knew as much about this aspect of the problem as we know about infection. Nicholson was almost 
entirely preoccupied with the living reacting cell, and he believed that its capacity to grow in 
perpetuity is a physiological attribute. He defies the reader to define tumour formation and 
confesses that he is powerless to do so. To say that a ‘‘ tumour cell has always been abnormal,” 
he says, ‘‘ explains everything but is merely one of the innumerable ways of begging the question.”’ 
That ‘‘ tumours grow without regard for the laws that govern the growth of normal tissues "’ he 
“flatly and most emphatically denies.’’ Many tumours are ‘‘ by no means without function and 
far from being atypical, some of them surprise us by the degree of their histological differentiation.” 
It is arresting to read that the majority of those who investigate tumours “‘ have as their aim the 
discovery of the readiest means of getting rid of them. The view taken of them is therefore biased.” 
We are told that only by “ adopting the point of view of the tumour can we hope to understand 
its structure and function.’’ Tumours, he says, can certainly be regarded as useless from the point 
of view of the bearer but is this a fair wav of looking at a tumour ? “‘ The foetus in utero does not 
concern itself about the wellbeing of the mother.” 

Nicholson believed that there is no essential difference between tumours and malformation 
and that in many tumours there was a delicate adaptation of the tissues to each other. He thought 
“malignant skin’’ was a more exact descriptive term than ‘‘ squamous carcinoma,’’ and 
“malignant embryonic kidneys ”’ preferable to ‘‘ Wilms tumour ’’ or “ rena! adeno-sarcoma.”’ He 
considered that the foreign-body reaction around many tumours is relatively slight because the 
tumour is part of the tissues and is treated as such, and that the capsules enclosing tumours are 
“not an attempt to wall them off but the product of the activity of the tumour, partly due to 
stretching and fibrosis of the surrounding tissue and strictly comparable to the capsule of a normal 
organ.”’ It has become a habit with us “‘ to accuse tumours of being autonomous and of deriving 


33 B, no. 3, auGust 1951 


3 
4 
| 
iy. 


488 BOOK REVIEWS 


their blood supply and nourishment from the resources of the body, but,’’ says Nicholson, ‘‘ what 
else can any large mass of cells be than an autonomous tumour ? ”’ 

Nicholson showed a strong aversion during his lifetime to the public exposition of his views, 
and an equally strong disinclination to over-simplify his writings. For these reasons his work 
was not widely read in his lifetime. His interpretations of structure, however, are as fresh to-day 
as at the time they were written and completely unaffected by modern discovery. Malignant 
epithelial proliferation, for instance, he regards as a “ re-assumption or repetition of the inter- 
laminar permeation of the germinal layers by mesenchyme formation ’’ and ‘‘ to homologise 
malignancy with budding mesenchyme is simply to re-describe it in terms of physiological 
ontogeny.’ The trophoblast is described as ‘“‘a physiological malignant tissue though extra- 
embryonic, extra-somatic and deciduous.”’ 

This book can be recommended with confidence to those who, from impatience with the slow 
rate of progress of academic cancer research, need another stimulus to resurrect their interest in 
the basic pathology of tumour formation.—Geoffrey HADFIELD. 


WERDNIG-HOFFMANN’S INFANTILE PROGRESSIVE MUSCULAR ATROPHY. By 
Sven Branpt. 9} x6} in. Pp. xiv+328, with 39 figures. 1950. Copenhagen: Ejnar Munksgaard. 


Price Dan. Crs 20. 


This excellent and well illustrated monograph is concerned with the clinical picture, pathology 
and heredity of Werdnig-Hoffmann’s disease, and also its relation to Oppenheim’s amyotonia 
congenita. 

After analysing 297 reports of cases with the diagnosis ‘‘ amyotonia congenita '’ the writer 
found it warrantable to exclude 106 cases as showing the syndrome either of infantile progressive 
muscular atrophy or of some other disorder differing from Oppenheim’s amyotonia congenita. 
Among the remaining 191 cases, the improvement sometimes noted by Oppenheim was mentioned 
in eighty-six: but, of these latter, only in twenty-odd instances was improvement well enough 
established to exclude Werdnig-Hoffmann’s disease. These few remaining cases—for which no 
better designation thau the descriptive 
term ‘‘amyotonia congenita’’ can be 
found—constituted such a small and 
heterogeneous group that it seems 
questionable whether it represents a 
nosological entity. In his own materia! 
of 156 patients, twenty-five were siblings 
of ones previously collected and _ all 
showed the syndrome of infantile prog- 
ressive muscular atrophy. Of the total 
156 patients, 112 presented the syndrome 
of infantile progressive muscular 
atrophy: in fifty-nine of these, pro- 
gressive spinal muscular atrophy 
(Werdnig-Hoffmann’s disease) was diag- 
nosed ; in two, a diagnosis of progressive 
myogenic muscular atrophy (myopathy) 
was made: and, in fiftv one, the distinc- 
tion between the spinal and myogenic 
form of infantile progressive muscular 
atrophy was not made. In the author's 
view differential diagnosis between these 
two forms is practicable only by special 
investigations (such as muscle biopsy). 
In thirteen cases the symptomatic diag- 
nosis of amyotonia congenita was maintained: but apart from their common symptom—hypotonia 
—these thirteen subjects presented such differing symptomatology that it seems unlikely that 
they all had the same disease. 

The writer examined the central nervous system in fourteen children, of whom thirteen died in 
the first year of life. The most severe histological changes were found in the large motor ganglion 
cells of the anterior horns of the spinal cord and in the caudal nuclei of the motor cranial nerves. 
Muscle tissue was examined in twenty-five patients either on biopsy or at necropsy: in twelve 


Patchy atrophy of muscle in the spinal form of progressive 
muscular atrophy. 
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children the findings were characteristic of anterior horn cell destruction; in eleven children the 
changes were less characteristic. The writer finds muscle biopsy of great diagnostic value. In 
myogenic progressive muscular atrophy, the atrophy is diffuse, there being conspicuous increase 
in interstitial tissue with fat-cell infiltration: in the spinal form the muscular atrophy is patchy 
in distribution and interstitial changes are much less conspicuous. No mention is made of the 
histological appearance of nerve-fibre elements as a distinguishing feature. Electromyography 
was employed as a diagnostic test in nineteen cases, but proved of limited value. After a brief 
survey of the histological findings the writer states that theoretically we need to differentiate 
between two and perhaps three forms of infantile muscular atrophy—the spinal form (Werdnig- 
Hoffmann’s disease), the myogenic form (myopathy) and the neural form which he did not 
encounter and which remains only a theoretical possibility. 

Chapters cover the symptomatology, course, prognosis, etiology, pathogenesis and treatment 
of infantile progressive muscular atrophy. Other morbid conditions producing laxity of joints and 
muscles in infancy are also surveyed in the final chapter concerned with differential diagnosis. 

The main purpose of the immense amount of careful work which this monograph records is 
to find out the answer to these questions: 1) Is Oppenheim’s amyotonia congenita a disease sui 
generis? The writer concludes that it is not and that the term is a descriptive one signifying a 
syndrome. 2) Is congenital, universal hypotonia merely a symptom of a number of morbid 
conditions ? He concludes that it is. 3) Are some cases of Oppenheim’s amyotonia congenita 
merely congenital forms of Werdnig-Hoffmann’s progressive spinal muscular atrophy ? His answer 
is ‘‘ yes.’’ His conclusions tally with those of Greenfield and Stern (1927).* What seemed to them 
of definite value was the clear proof which examination of the post-mortem material of Oppenheim's 
disease furnished ‘‘ that between this disease and that described by Werdnig and Hoffmann there 
is no anatomical distinction since both are dependent on degeneration of the lower motor 
neurone.’’—P. H. SANDIFER. 


CLINICAL USES OF INTRAVENOUS PROCAINE. By David J. GrRauBArD, M.D., Assistant 
Visiting Surgeon, Cumberland Hospital, Assistant Visiting Orthopaedist, Kingston Avenue 
Hospital, Brooklyn; and Milton C. PETERSON, M.D., Visiting Anaesthetist, Research Hospital, 
Kansas City, Missouri. British Commonwealth edition edited by William W. Musuin, M.A., 
F.F.A., R.C.S., D.A., Director, Department of Anaesthesia, Welsh National School of Medicine, 
Cardiff. 9x6in. Pp. xii+84, with 8 figures and several tables. 1950. Illinois: Charles C. Thomas, 
Publisher. Oxford: Blackwell Scientific Publications. Price 8s. 6d. 


There is a good deal more in this book than the title suggests. It isan attempt (and a good one) 
to review the accumulated knowledge on this subject and to assess the value of intravenous 
procaine in a large number of conditions. A preliminary discussion of the chemistry and 
pharmacology is of considerable interest as it includes not only a clear account of the present 
conception of the action, excretion and general behaviour of the drug, but also a historical review 
of the uses to which it has been put in the last fifty years. The chapters on the clinical application 
are clear and concise and liberally illustrated with brief clinical histories. The techniques of 
administration are dealt with at some length, including the methods of determining the quantity 
to be used, speed of administration, contraindications, side-effects, etc. The clinical possibilities 
are presented rather than a critical analysis of results, and reference is made to all the main papers 
on the subject. The authors are obviously enthusiastic about the method and this needs to be 
remembered in places. It will be valuable to all who are interested in the relief of pain.— 
j. C. Score. 


FURTHER INVESTIGATIONS RESPECTING MALUM COXAE CALVE-LEGG-PERTHES 
WITH SPECIAL REGARD TO THE PROGNOSIS AND TREATMENT. By Halfdan Sunprt, 
M.D., former Chief of the Coast Hospital at Stavern, Norway. 95} in. Pp. 101, with 60 figures 
and 10 tables. 1949. Oslo: Acta Chirurgica Scandinavica, supplement 148. Paper cover. Price 
not quoted. 


This is a valuable study in English of 137 patients with 153 hips affected by Legg-Calvé- 
Perthes disease ten to fifty-two years before. Eighty-eight hips had received treatment of one 
kind or another, though none systematically throughout; sixty-five were untreated. At the end 


* GREENFIELD, J. C., and STERN, R. O. (1927): The Anatomical Identity of the Werdnig-Hotfmann and 
Oppenheim Forms of Infantile Muscle Atrophy. Brain, 50, 652. 
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of the active stage, eleven femoral heads showed no deformity, fifty-six were oval or ovoid, seventy- 
eight were cylindrical, and eight were cuboid. The undeformed and the oval heads usually had 
a favourable outlook as to subsequent arthritis, the cylindrical heads a less favourable one and the 
cuboid heads a poor one. Treatment during the active phase seemed to have no influence upon 
the shape of the head, the range of movement or the subsequent onset of arthritis. The likelihood 
of this was greatest when deformity of the head was greatest; arthritis occurred in half of 
eighty-eight treated patients and a third (twenty-one) of sixty-five untreated patients. The 
outlook was best in the younger patients, whether treated or not. Reduced capacity for work 
was found in 12-4 per cent of 137 patients.—H. Jackson BuRRows. 


MEDULLARY NAILING. A Clinical and Critical Study. By Gunnar K. Lauritzen. 9} x 6} in. 
Pp. 224, with 29 figures. 1949. G6teborg: Acta Chirurgica Scandinavica, supplement 147. Price 


not quoted. 


In the first part of this monograph Lauritzen surveys the literature and describes the method 
and its development. The second half is an account of 200 cases of intramedullary nailing carried 
out between March 1943 and December 1948 at the Sahlgrenska Hospital in G6tenburg. The 
distribution was: humerus thirty-six, forearm bones thirty-two, femur sixty-three, tibia sixty-three, 
and other bones six. The series contained thirty-two ununited and 160 recent fractures. Kiintscher’s 
technique was followed in the main. External splintage was used in addition for fractures of the 
tibia, forearm bones and humerus. Some patients with fractured femurs were allowed to bear 
weight after two weeks. The best results were obtained in fractures of the femur; on the whole 
the forearm bones did not do well. Lauritzen believes that intramedullary nailing shortens 
treatment and minimises ultimate disability.—George PERKINS. 


A COMPLETE OUTLINE OF FRACTURES INCLUDING FRACTURES OF THE SKULL. 
By J. Grant Bonnin, M.B., B.S. (Melbourne), F.R.C.S. (England). Third edition. 9 x6 in. Pp. 
xiv+671, with 712 figures. Index. 1951. London: William Heinemann Medical Books Ltd. 


Price 42s. 


J. Grant Bonnin accomplishes what he sets out to do—that is, to provide a complete guide 
to all the common fractures for the undergraduate and postgraduate student. The third edition 
has been augmented by a number of illustrations and by the inclusion of newer methods of treatment 
such as the Kiintscher nail and recently introduced antibiotics and operations. 

As with previous editions, the high quality of reproductions of radiographs and excellent line 
drawings is notable. The précis on development and surgical anatomy at the beginning of each 
chapter is particularly useful. The chapter on fractures of the face and jaw by Mr J. N. Barron is one 
of the most concise and clear expositions on this subject in print. There are fewer statements to 
quarrel with in this book than in most, and to count them on the fingers is to pay further tribute 
to the author. For example, few would agree with the poor prognosis in Sudeck’s atrophy on page 
62, or would splint a metacarpo-phalangeal joint in extension as shown in Figure 44, or use a caliper 
for six months after treatment for a pertrochanteric fracture of the femur as described on page 467. 
There is a mistake in the caption for Figure 199, the dislocation being between the second and 
third cervical vertebrae, not between the first and second. It is a pity that the use of “‘ myanesin,” 
which has made such a difference in the treatment of tetanus, is not mentioned. In Appendix II 
the figures for partial and total disability are too high to be printed in a book that is otherwise 
so useful to the young surgeon, and the phrase “ light work ”’ is surely out of date. These criticisms 
are small. The text is easy to read, important points are adequately stressed and the presentation 
is first-class. This book should be on every young accident surgeon’s shelf.—L. W. PLEWEs. 


A TEXT-BOOK OF X-RAY DIAGNOSIS BY BRITISH AUTHORS. Edited by S. Cochrane 
SHANKS, M.D., F.R.C.P., F.F.R., and Peter KERLEY, M.D., F.R.C.P., F.F.R., D.M.R.E. Second 
edition. Volume 4. 9} x6} in. Pp. xvi+592, with 554 figures. Index. 1950. London: H. K. Lewis 
& Co. Ltd. Price 60s. 


Eleven years and a war have intervened between the first and second editions of the work of 
which we review here the fourth volume, devoted to the bones and joints. It is written not only 
for postgraduate students of radiology but also for clinicians, including those in special branches. 
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Of the seventeen distinguished contributors to the work as a whole, twelve have written for this 
volume, but more than 40 per cent of it is from the terse pen of F. Campbell Golding, whose 
appointments at the Royal National Orthopaedic, Royal Cancer and Middlesex Hospitals have 
given him an unrivalled experience in this branch of diagnostic radiology. Every chapter achieves 
a high standard but, as might be expected in so large a field, the treatment of some subjects is 
rather sketchy; for instance, such important and not excessively rare conditions as eosinophilic 
granuloma, benign chondroblastoma and metaphysial fibrous defect (non-osteogenic fibroma) are 
scarcely mentioned. Only here and there has personal experience or ascertained fact given way to 
popular fallacy-—for instance that patella partita is usually bilateral, that the transradiant masses 
in fibrous dysplasia are commonly cystic, and so on. The importance of correlating radiology and 
pathology cannot be sufficiently stressed, and it is truly encouraging to find two chapters on “ The 
General Pathology of Bone ’’ by Professor S. L. Baker of Manchester. If these alone comprised 
the book, it would be worth buying by radiologist and orthopaedic surgeon alike. Messrs H. K. 
Lewis and their blockmakers are to be congratulated on the worthy presentation of this excellent 
text-book.—H. Jackson Burrows. 


ARCHIVES OF THE MIDDLESEX HOSPITAL. Edited by Douglas McAcpine, F.R.C.P. 
Volume 1, Number 1. 10 x7 in. Pp. iv-+77, with illustrations. Edinburgh: E. & S. Livingstone Ltd. 
Annual subscription £2, 2s., single number 12s. 6d. 


The Middlesex Hospital can be congratulated on the quality both of the content and format 
of the first number of the new series of its Archives. The hospital has long been a famous centre 
of research in the field of malignant disease, largely owing to the generous endowment of its special 
Research Institutions; but, as Victor Bonney reminds us in a foreword, the first series of Archives 
published between 1902 and 1916 contained many outstanding contributions to clinical science. 
The present number contains one communication of special interest to orthopaedic surgeons—a 
study by Michael Kremer and Francis Page of the symptomatology and results of treatment of 
cervical intervertebral disc lesions. The records of eight cases are reproduced to illustrate the 
two main types of clinical picture that a disc protrusion may produce: 1) the neuralgic or 
radicular syndrome; and 2) the paraplegic syndrome, in cases of central prolapse. The authors ‘ } 
regard the radiographic changes as most helpful in differential diagnosis, which they admit at times 
may be difficult. Six of the cases were treated successfully by conservative methods—a combination ‘ 
of rest, head-traction and the wearing of a supporting collar for a time. This régime is recommended ip 
for all cases in the early stages, and they consider that it is likely to be completely effective in 
relieving the symptoms in the radicular type of case. In two cases with persistent cord-compression 
signs due to a central prolapse a laminectomy was carried out after a period of conservative 
treatment, but the writers stress the importance of restraint in the scope of any such form of 
operative intervention owing to the risk of adding to the cord damage.—Harry Part. 
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Camp 
Post-Operation 
Supports 


Camp Post-Operation Supports 
comprise a series of types designed 
for specific use and to meet the 
physiological requirements of the 
patient. The prescribed degree of 
support and control is regulated 
through the Camp precision-fitting 
adjustments. 


Camp Supports are supplied 
and fitted by Authorized Agents 
throughout the country and Camp 
trained surgical fitters are always 
available for attendance at hospitals, 
nursing homes or at the patient's 
home. 


Iustrated: An example from the Camp series 


Camp Supports are designed for of basic post-operation designs. 


use in the treatment of physical 


disability, deformity or disease. Reference Book for Physicians and Surgeons 


available free on request. 


The Camp Unique Precision-Fitting 19 Hanover Square, London, W.1 ? 


S.H.CAMP & COMPANY LTD. 


Adjustments regulate the prescribed 
degree of support required. Telephone: MAYfair 8575 (4 lines) 
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Only 3 Gypsona bandages | 


are needed for this 


SCAPHOID CAST 


GYPSONA IS RECOGNISED as the most economical plaster of 
Paris bandage on account of its exceptionally high plaster content. More- 
over, every bandage is uniform and it is possible to determine beforehand 
how many are required for a particular cast. 

This scaphoid cast was constructed with one 6” x 3 yds. and two 
4” x 3 yds. Gypsona bandages. A slab was made with the 6” bandage 
and laid down the dorsum of the 
hand and forearm, and the cast was Gyps O n a 
completed by applying the two 4” 
bandages round the forearm, wrist 
and hand — up to the distal joint 
of the thumb. BANDAGES 


PLASTER OF PARIS 


Made in England by T. J. SMITH & NEPHEW LTD., HULL 


ons 
vill 


For SPONDYLARTHRITIS 


many Orthopaedic Consultants prescribe 


SPENCER 


Dorso-Lumbar 


SUPPORT 


Spencer Designers create 


supports varying from 

flexibility to rigidity. 

Immobilisation of lower 

back, or entire back, is 

provided as prescribed 

by doctor. This is 

because: Each Spencer 

Support is individually 

designed, cut, and made 

to meet the specific : 

for woman patient, with and 

without exterior pelvic binder. 

Spencer Supports are also de- 

signed for other conditions such 

the support will be cor- 

Dise Extrusion. Spondylolis- rect from the standpoint 

sacral Disturbances, Fracture: 

Vertebrae, Scoliosis, Kyphesis, ; : it will fit exactly, be 

Lordosis, Osteoporosis. 


of the one patient whe 
is to wear it. This 
assures the doctor that 


perfectly comfortable. 


For further information write to: 


SPENCER (BANBURY) LTD. 
Consulting Manufacturers of Surgical and Orthopaedic Supports ) i 4 


SPENCER HOUSE BANBURY OXFORDSHIRE 
Telephone 2265 


Spencer copyright designs are original and distinctive and for more than 20 years have been recognised by the : 2 
Medical Profession as a symbol of effective control for abdomen, back or breasts. % 


BEWARE OF IMITATIONS. Spencer (Banbury) Ltd. regret the necessity of issuing warning to beware of 
copies and imitations. Look for the SPENCER LABEL stitched in the Spencer Support and ensure that it is 
a genuine Spencer Support and not a so-called copy. 


Appliances supplied under the National Health Service 
Trained fitters available throughout the Kingdom 


Copyright: Reproduction in whole or in part is prohibited except with the written permission of S( B) Ltd. 
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@NEARLY 15 YEARS OF AUTHENTIC USE 
Since 1936, appliances of the unique Vitallium 
alloy have been in use in the body—often 
buried whence they cannot be removed. 
No other alloy can showacomparable record. 
It is a guarantee that Vitallium appliances 
are safe. 


@OVER 190 REFERENCES IN SURGICAL 
LITERATURE 
During these years, surgeons throughout the 
world have tested many different appliances 
made from the alloy. Their reports have 
appeared in all the important surgical 
periodicals. As a result the Vitallium range of 
appliances is the most extensive of its kind. 
A Vitallium appliance can be obtained for 
almost every need. 


@ACCLAIMED BY EMINENT SURGEONS 
THE WORLD OVER 

In the great majority of instances where 
Vitallium appliances were tried for the first 


* Registered Trade Mark 


) YOU NEED NOT BE A 


METALLURGIST! 


VITALLIUM 


SURGICAL APPLIANCES 


ARE PROVED BY TIME AND USE TO 
BE COMPLETELY COMPATIBLE WITH 
HUMAN BONE AND TISSUE 


LONDON SPLINT COMPANY LIMITED 
69 WEYMOUTH STREET 
LONDON, W. | 


time, they proved successful. New appliances 
of a kind hitherto not considered feasible 
are now available. It is not surprising that 
eminent surgeons look on Vitallium appli- 
ances as a boon to the profession. 


@A UNIQUE ALLOY: STANDARDISED: 
SAFEST TO USE 
Vitallium appliances contain no iron, and are 
not subject to rust; they can be left in the 
body indefinitely without fear of foreign- 
body reaction. The alloy is a unique 
combination of cobalt, chromium and 
molybdenum. It is of a uniform hardness 
and its composition never varies. 


@THE MOST EXTENSIVE RANGE AVAIL- 
ABLE TO THE PROFESSION 
You need not seek beyond the wide variety 
of Vitallium appliances for your needs. 
There is generally an appropriate appliance 
available . . . one which has proved itself 
in the body—and is safe to use. 
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Select the Tower Tables 
Which Fit Your Needs 


ROGER ANDERSON MODELS 


No. 800 Series—Many 
hospitals and clinics will find 
this table adequate for their 
needs. It provides complete 
facilities for applying casts to 
any part or parts of the body, 
hip work, radiographic pro- 
cedures, true and reverse Tren- 
delenberg. Full table top makes 
it useful for minor surgery. 
Lowest priced table available 
offering such facilities. 


No.’ 1300 Series—This versatile 
model, with foot-operated, full-range 
hydraulic lift, is designed for hip sur- 
gery procedures—true and reverse 
Trendelenberg—manipulations of both 
upper and lower extremities, spine and 
neck, all about anatomical centers—all 
x-ray, cast and operative procedures. 


No. 1700 Series—Designed by Dr. 
Roger Anderson to incorporate all the 
sound basic principles of modern ortho- 
pedic surgery and long the established 
leader, this table provides the best and 
most complete facilities for any part of 
the body, including prone, lateral and 
perineal positioning. 


Write for illustrated brochure “Tables 
by Tower,” prices, or specification 
sheets on above tables. 


the TOWER COMPANY, Inc. 


SEATTLE, WASHINGTON GENEVA, ILLINOIS 
P. O. BOX 3181 (Near Chicago) 
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Improved Instruments 
for Hip Arthroplasty 


As made for The General Infirmary at Leeds 
and The Royal Bath Hospital, Harrogate 


Broomhead’s Improved 
Smith-Petersen’s Reamers 


Male Concentric Reamer 
for Acetabulum 


The most advanced instruments available 
for cutting and shaping the Femoral Head 
and Acetabulum. Precision-made from 
rust-proof stainless steel, self-clearing and 
immune to clogging. Bone fragments are 
automatically ejected by the left-hand spiral 
cutting teeth. In three sizes accurately 
related to standard Vitallium Hip Cups. 


Female Concentric Roughing 
Reamer for Femoral Head 


Left-hand 
Spiral 
Cutting Teeth 


Female Concentric Finishing 
Reamer for Femoral Head 


Female Eccentric Reamer for Femoral Head 


Ancillary Instruments 
for Hip Arthroplasty @ 


PSOAS Retractor with 
special hand grip and 
wrist support, two sizes 


Set of nine Chisels and Gouges, made in two sizes 


Sterilizer Tray to hold set of nine Vitallium Hip Cups 


> Msbert Heod Office: THE OLD MEDICAL SCHOOL PARK ST. LEEDS | 
LEEDS 38 WELBECK STREET LONDON WI 
Also at: CAPE TOWN and JOHANNESBURG. 

Ves 


Manufacturers of Surgical Instruments, Hospital Furniture and Sterilizing Equipment 
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NBTAINABLE. FROM ALL THE L LEADINGISURGIC 
Made i in SHEFFIELD ENGLAND by the PARAGON RAZOR CO. 


— 


RAPID 
FRACTURE 


Local infiltration anaesthesia, the most convenient 


method for use in the reduction of various fractures, has 


I not hitherto been universally adopted owing to the I 


delay which occurs before adequate analgesia is obtained. 


Recent investigations’ have shown that the simultaneous 


! administration of local anaesthetics and “ HYALASE ’ Il 


(the diffusing factor) enable manipulation to be 


\ menced immediately the injection has been made, whilst fn 


Tl effective anaesthesia persists for periods of at least rl 


i one hour. I 


"Tancet, 1951, £10 


Detailed information is obtainable from 


Bencer Lasoratorizs LiMIvED 
HOLMES CHAPEL + CHESHIRE ENGLAND 


‘HYALASE’ is the registered trade mark of the manufacturers, BENGER’S LIMITED. 
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The strength of a chain is in its 
weakest link, In the chain of human 
endeavour supporting the surgeon’s skill, there can be no weakness . . . 
the catgut he uses must present no hazards for the knot to find. The surgeon’s confidence 
demands uniformity of gauge throughout the suture length. Nowhere is 
surgical trust better placed than in the suture processed by modern 


scientific methods keyed specially to provide uniformity of gauge. 


UNIFORMITY—THE SURGEON’S SECURITY AGAINST THE INQUISITIVE KNOT 


ETHICON SUTURE LABORATORIES LTD. 
BANKHEAD AVENUE, EDINBURGH 


ASSOCIATE COMPANIES : 
New Brunswick, New Jersey : Sao Paulo, Brazil: Sydney, Australia 
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Manufacturers of Bone Surgery Instruments for over 70 years 


NON-PLASTICISED, BOILABLE, ACRYLIC FEMORAL HEADS, 
WITH X-RAY INDICATORS 


(Patent Pending) 


X-ray showing 
Nissen markers. 


X-ray showing Buxton’s ** umbrella frame ’’ model. 


Mr St John Dudley Buxton’s model with ‘* umbrella frame.”’ 
Each £7 0 0 


Model with Mr K. 1. Nissen’s X-ray markers. Each £5 10 0 
PLAIN, BOILABLE, non-plasticised Acrylic Femoral Heads without X-ray indicators. Each £3150 


STOCK SIZES 
Head 41 mm. 43 mm. 45 mm. 
Stem 6, 7 and 8 cm. 6, 7 and 8 cm. 6, 7 and 8 cm. 
Other sizes made to order in a few days 


Checked at National Physical Laboratory for breaking stress (28 stones) 
Tested for internal stresses 


Distributors in U.S.A—ORTHOPEDIC EQUIPMENT COMPANY, BOURBON, INDIANA 


DOWN BROS. and MAYER & PHELPS LTD. 


Head Office: 92-94 BOROUGH HIGH STREET, LONDON, S.E.1 
Showrooms: 32-34 NEW CAVENDISH STREET, LONDON, W.1 


and at 
70 Grenville Street, TORONTO 
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“CUTS PLASTER 


it won’t cut 


This new Desoutter electric power Tool was developed specially to make the removal of 


surgical plastersa fast and safe operation—safe for both patient and operator. Thecircular saw 


does not rotate, it oscillates through an arc only a few degrees wide at about 18,000 strokes 
per minute. This ultra rapid short stroke movement will not cut when it is in contact with 
mobile skin or soft material. But when up against hard materials like plaster it is an 


extremely efficient cutter. Please write for the leaflet which explains the method of use. 
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“PLAISTOW” 
COMBINED 


GENERAL & ORTHOPADIC 
TABLE gives a full range of 
movements both for 
General and Orthopedic 
Surgery, for the latter 
the table allows easy 


access for Radiography. We shall be pleased to send 


DESIGNED AND PRODUCED BY you details upon request. 


THE MEDICAL SUPPLY ASSOCIATION LTD. 


PARK ROYAL ROAD, N.W.10. West End Showrooms, 95 WIMPOLE STREET, W.1 
PHONES: ELGar 4011 (Ten lines) LONDON 


EDINBURGH: 10-13 TEVIOT PLACE SHEFFIELD: 6-12 HOLLY STREET 
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TELEPHONE 


ELGAR 


(10 LINES) 


New Factory 
and Offices at 
PARK ROYAL ROAD 
LONDON, N.W. 10 


The MEDICAL SUPPLY ASSOCIATION Ltd. 


West End Showrooms: 


95 WIMPOLE STREET, LONDON, W. | 
Telephone ELGar 4011 
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J. E. Hanger & Co. Lid. 


Specialists in 


Artifical Legs 


the manufacture and fitting of 


Contractors to the Ministry of Pensions for 
the supply of limbs to the War-disabled, and to 
civilians through the National Health Service. 


Branches at all Ministry of Pensions Limb 
Fitting Centres. 


J. E HANGER & CO.LTD. ARTIFICIAL LIMB MAKERS 


Telephone : PUTney 4422 (5 lines) 


Queen Mary's (Roehampton) Hospital, Roehampton, S.W.15 


The Hanger Free Wheel Knee 
Control, permitting adjustable 
friction on flexion, and free 
extension of the knee, relieves 
the wearer of a _ considerable 
amount of effort when walking. 


WESTMINSTER BAN 


They always make 


me welcome 


And why not? We do not 
regard an account as being of 
small consequence simply be- 
cause it #s small. On the 
contrary, we believe that the 
importance of any banking 
transaction lies in its impor- 
tance to the customer. We try 
to meet our customers’ re- 
quirements in that spirit and 
to give the same welcome and 
the same friendly attention 
to all of them, whatever the 
size of their accounts. If you 


would like to know more about the personal quality of Westminster Bank 
service, the Manager of your local branch will be glad to tell you. 
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A GUIDE FOR NATURE’S REPAIR OF FRACTURED BONES 


® 
Vi INTERNAL CONTACT SPLINT | 


Encourages earlier bony union . . . assures optimum place- 
ment of screws . . . provides fully adequate fracture support. 


EGGERS TYPE 


Vitallium Internal Contact Splints 
are slotted bone plates—permitting 
fractured bone ends to move to- 


gether and to be in constant con- 
tact under muscular pressure when VITALLIUM STRONG : NEUTRAL PASSIVE IN vivo 
concurrent necrosis, absorption ances Completely toleroted by bone and tissue 


and osteogenesis of the trauma- 
tized bone ends. occur. They keep 
the fractured bone in longitudinal 
alignment and provide lateral sta- 
bility. Fragments are locked se- 
curely, and rotation is hindered by 
the combination of longitudinal 
muscular pull and screw fixation. 
The Eggers splints thus serve as 
guides for nature’s repair of frac- a 


tured bones. Under the influence of splint- 
ing, compression,and contact,mechanical 
and physiological conditions favorable 
to early bone union are created. 

The slots in the plates facilitate nd 
i» ing the screws in the most desirable loca- 
tions—as far from the fracture site as 
possible. Loose bone fragments may be 
engaged firmly with additional screws. 


ORDER THROUGH 


YOUR SURGICAL 


DEALER Available in lengths of 3", 4”, 5” and 6” 


with Eggers type screws. 


References: “Internal Contact Splint 
—Eggers, G.W.N. 

Jour. Bone & Joint Surg., 30-A, No. 1, 
Jan. 1948 

“The Influerce of The Contact-Com- 
pression Factor on Osteogenesis in 
Surgical Fractures’’ — Eggers, 
G.W.N., Shindler, T.O. and 
Pomerat, C.M., 

Jour. Bone & Joint Surg., 31-A, No. 4, 

® BY AUSTENAL LABORATORIES, INC. Oct. 1949 
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* Some Notable Publications x 


THE ESSENTIALS OF MODERN SURGERY 


Fourth Edition. Edited by R. M. HANDFIELD-JONES, M.C., M.S., F.R.C.S., and Sir ARTHUR E. PORRITT, 
K.C.M.G., C.B.E.,M.A.,M.Ch., F.R.C.S. Fourteen contributors. 1276 pp. 644 illustrations, many in colour. 55s. 
“There is no doubt that this book will remain the favourite with the majority of students preparing fora 
qualifying examination in Surgery. Both the editors are distinguished teachers and experienced examiners and 
know what the student wants. Furthermore, the general practitioner and the post-graduate taking a higher 
examination will find it provides a complete survey of modern surgical opinion. It is a book that can be 


recommended unreservedly.’’—British Medical Bulletin. 


THE CLOSED TREATMENT OF COMMON FRACTURES 


By JOHN CHARNLEY, B.Sc., M.B., F.R.C.S. Foreword by Sir HARRY PLATT. 200 pp. 133 illustrations. 35s. 


‘* There are other and larger books written about the treatment of fractures but none so vital as this. There is 
not one of the 190 pages; there is hardly a sentence; and there is not an illustration which the reader will not 
want to underline because of its importance, and it is suggested that these remarks apply not only to resident 
casualty surgeons. It is believed that every orthopaedic and traumatic surgeon in Great Britain and elsewhere 
will agree that this book has something to teach him.’’—British Journal of Surgery. 


A COMPANION IN SURGICAL STUDIES 


By IAN AIRD, M.B., Ch.M., F.R.C.S. 1068 pp. 63s. 
“This volume is encyclopaedic and the author has covered the whole range of common and rare surgical 
diseases and conditions . . . A book that isa credit to the surgical literature of England.”’—British Journal of Surgery. 


ILLUSTRATIONS OF SURGICAL TREATMENT 


Instruments and Appliances 


Third Edition. By ERIC L. FARQUHARSON, M.D., F.R.C.S. 404 pp. 382 photographs and diagrams. 
“This book is meeting a demand: it is certainly one which can be recommended.’’—British Medical Journal. 


25s. 


INJURIES OF THE KNEE JOINT 


Second Edition. By |. S. SMILLIE, 0.B.E., Ch.M., F.R.C.S. 402 pp. 451 illustrations. 50s. 
** A book which will be valuable to those with sufficient experience to enable them to peruse its pages with 
discernment.’’—British Journal of Surgery 


CLEFT PALATE AND SPEECH 


Second Edition. By MURIEL MORLEY, B.Sc., F.C.S.T. 172 pp. Fully illustrated. 


‘There can be little dcubt that every surgeon who is interested in cleft palate problems should have this book 
as his guide, philosopher and friend in the post-operative treatment of these defects.’’—British Journal of Surgery. 


12s. 6d. 


EXTENSILE EXPOSURE APPLIED TO LIMB SURGERY 


By ARNOLD K. HENRY, M.B., M.Ch. (Hon.) Cairo, F.R.C.S.I. 188 pp. 127 illustrations. 


‘*A book for which we have nothing but praise. It is a notable contribution to surgical literature."”— 
British Medica! Journal. 


30s. 


THE HINGE GRAFT or GINGLYMUS IMPLANT 


By the same author. 72 pp. 47 illustrations. 
“This book will undoubtedly interest those with experience in the reconstructive sur: 


15s. 


gery of limbs.’’— 
British Journal of Surgery. 


% Please write for a copy of the complete illustrated catalogue > 


S, LIVINCSTONE LTD., TEVIOT PLACE, EDINBURGH === 
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for finest detail 


ILFORD Ilfex X-ray film is double-coated with an emulsion of extremely 
high resolving power. It is thus capable of revealing bone structure and reproducing 
fine detail, particularly in radiographs of the limbs and extremities. Previously 
such exceptional definition has been found only in very slow emulsions but 
Ilfex combines the two qualities so important in X-ray work—Speed and Definition. 
The Ilfex emulsion is highly sensitive to direct X-rays and is intended for use 
without intensifying screens. 


ILFORD Ilfex X-ray film 


The Department of Radiography and Medical Photography of Ilford 
Limited at Tavistock House, Tavistock Square, London, W.C.1 (EUS 2251), 
will always welcome the opportunity of helping with information or advice. 


ILFORD LIMITED + ILFORD - LONDON 
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When you go abroad 


Lloyds Bank will be pleased to advise you about exchange regulations and will deal 
with the necessary applications for travel money. In approved cases, Letters of 
Credit, Travellers’ Cheques and permitted amounts of foreign currency can be 
supplied. These services are available at any branch of the Bank. 


Let LLOYDS BANK look after your interests . 
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| EFFICIENCY and ABSOLUTE COMFORT: 


Salts’ 
Sacro-iliac 
Belt 


The adoption of Salts’ Sacro-iliac Belt affords 
quick relief of pain and discomfort, together with 
a rapid restoration of the normal relationship 
of the sacral and iliac bones. A beneficial effect 
is also exerted on the tone of the abdominal 
viscera. This efficiency is joined with real 
comfort, so that the patient can make an early 
resumption of normal activities. Styles are 
available for both sexes. Further details and 
Measure /Order forms are available on request. 


SALT & SON Cherry Street, Birmingham, 2 


London Appointments: 1 Stanley House, 105 Marylebone High St., W.1. Phone: Welbeck 5034 
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LUSTERLITE BRANDED ACRYLIC 


ORIGINAL JUDET HEADS 
ALSO IMPROVED MODEL 


ADDED STRENGTH 


because of Improved 


Design of under recess 


PRECISION MADE 
by a process that pre- 
vents internal shrinkage 


NON-TOXIC SIMPLE STERILIZATION 


LARGEST RANGE OF STOCK SIZES PROMPT DELIVERY 


VIZARD’S PRECISION 
INSTRUMENTS 


JUDET REAMER 
IMPROVED REAMER 
DRILL 

IMPACTOR 
PERFORATOR DRILL 


ACETABULUM REAMER 
(Improved Style) 


ACRYLICS INSTRUMENTS 
LUSTERLITE PRODUCTS ARTHUR VIZARD LTD. 
WILLOW TERRACE ROAD 46 GREAT GEORGE STREET 
FENTON STREET, LEEDS LEEDS 1 


We have a wealth of technical information on this operation— 
please send your problems and achievements 


We are interested in the further use of internal Acrylics and 
will give every assistance in new developments 


All enquiries to 


ARTHUR VIZARD LTD. 
46 GREAT GEORGE STREET, LEEDS 1 


XXV 


4 
eal 7 
‘ie 
| | 
Me. 
a 
j 
4 
4 
| 
| 
| 
j 


Colour Portraits 


A few specially mounted prints of the colour portraits of Lister, 


Hunter, HuGH OwEN Tuomas, Rosert Jones, Dame AGNEs 


Hunt, JouN Litre, Percrvat Porr, ABRAHAM COLLEs, 


Francis Gursson, ApaAms and JAmes Pacer are still 


Price 10/6 each, including postage 


available. 


Unmounted Prints of the above are also available. 


Price 3/6 each (including postage) 


E. & S. LIVINGSTONE LTD., EDINBURGH 


Vokes Ernst limb for above 
knee amputation. One of 
the comprehensive range 
manufactured in lig 
metal designed to meet 
every requirement. 


The double swivel pelvic 
band is the finest system 
of suspension for the 
majority of above-knee 
amputations, permitting 
com plete freedom of action 
with firm sup 

perfect control. 

mounting of the socket 
swivel ensures that the 
limb does not fall away 
from the stump when the 
full range of movement is 
used—a very valuable 
feature when playing such 
games as tennis or golf. 


The construction of the 
Wheel Control Knee 
mechanism is simple and 
robust and will give many 
years of hard service. 
Note the high-duty com- 
ball-bearing knee- 
joint and the rubber return 
spring which is out of 
action when sitting. 


ARTIFICIAL LEGS 


Artificial legs, manufactured and supplied by Vokes Ernst Scientific 
Surgical Appliances Ltd., are widely prescribed in private practice 
and are also approved by the Ministry of Pensions for supply under 
the National Health Scheme. Centres which have been, or are in 
course of being opened in strategic points throughout Britain for 
fitting and servicing under qualified supervision include: 


The unique mechanism of the Vokes 
Ernst cushion joint movable ankle 
combines both the joint and the spring 
action of the foot in one single unit. It 
is the lightest yet produced and the whole 
movement takes place in the rubber 
torsion-joint itself, no adjustments or 
lubrication are necessary, and noise ts 
impossible. 

Frictionless bearing ankle mechanism 
of the rubber buffer type with self-oiling 
bearings, also available. 


FITTING CENTRES: 


LONDON 


” 
BIRMINGHAM 
MANCHESTER 
GLASGOW 


LEEDS 
SWANSEA 
BRISTOL 


Queen Mary's Hospital, Roehampton 
Lane, S.W.15 

73 Baker St., London, W. 1. Welbeck 3924 
73 Stafford St., Birmingham, 4, Central1940 
39 Byrom Street, Manchester, 2 
Ministry of Pensions, War Pensions Welfare 
Service, 134 Sauchichall St., Glasgow, C. 2 
Chapel Allerton Hospital, Leeds 

27 Cradock St., Swansea 

Vassall Road, Fishponds, Bristol 


VOKES ERNST SCIENTIFIC 
SURGICAL APPLIANCES LTD. 
(A subsidiary Company of Vokes Ltd.) 

Head Office: Henley Park, Guildford, Surrey 


Telephone Guildford 62861 


Factory: Alton, Hants. Telephone Alton 2204 
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Telephone : Bridgend 938 


ZIMMER ORTHOPAEDIC LTD. 
The Trading Estate, Bridgend 
Glamorgan, Gt. Britain 
is essentially an export organisation, supplying its well-known range of 
Equipment, including the renowned Luck Bone Saw—now with oscillation— 


and up-to-date stainless steel internal bone fixation appliances, to specially 
appointed agents in more than twenty countries. 


We regret that only a small quota of our production is available for the 
home market, but we invite your inquiries. 


On request, we will be pleased to supply you with our fully illustrated 
and descriptive 100-page catalogue, and the name and address of the dealer 


most able to serve you. 


ZIMMER ORTHOPAEDIC LTD. 
is controlled by 
ORTHOPEDIC EQUIPMENT COMPANY 
BOURBON, INDIANA, U.S.A. 
(Formerly Zimmer Export Division) 


Telegrams : Zimorpedic, Bridgend 


APPLIANCES 


Makers to the 
LONDON HOSPITAL 
since 1860 


EXPERIENCED FITTERS ARE 
AVAILABLE IN MANY 
COUNTIES 


ALFRED COX 


Incorporating 


KROHNE & SESEMANN 


108 WHITECHAPEL ROAD 
LONDON, E.1 
Telephone: BISHOPSGATE 3804 


ORTHOPADIC 
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notice ru 
Fe S Curator Heel 


—but the child with valgus feet would feel the difference 
atonce. If T-irons and surgical boots can possibly be 
avoided doctors will do so, recommending instead a light- 
weight corrective heel. In certain foot-ailments and leg 
weaknesses Clark’s “Curator” heel is 
of great benefit. The child won't feel 
“marked out” from others, since the 

heel is almost unnoticeable. 
Full details are available to the 
4 + medical profession and to children’s 
clinics and hospitals, on applica- 

tion to Clarks. 


Can easily be fitted to certain Clarks 
shoes in sizes infants’ 7 to maids’ §4 (youths’ 14). 


c. @ 3. cLank (Shoemakers since 1825) stnert, somenser 
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MOST ACCEPTABLE CHRISTMAS GIFT 
HALF A CENTURY OF 
PROGRESS IN 
ORTHOPAEDIC SURGERY 


1900-1950 


A Special issue of the Journal of Bone and Joint Surgery, 
published in November 1950, devoted to an account of progress 
in orthopaedic surgery during the past fifty eventful years. 


al 


Editorials CONTENTS 


The Twentieth Century 
The Background of a Half-century of Progress . . ‘ ‘ : ‘ . William A. Rogers 


The Editorial of a.p. 2000 - Bryan McFarland 


Historical Reviews 


Orthopaedic Surgery in the United States of America ‘ : ‘ : . Leo Mayer, New York 
Orthopaedics in Continental Europe, 1900-1950 ‘ . Harry Platt, Manchester 
Fifty Years of Orthopaedic Surgery in Canada . . J. Harris, Toronto 


T. B. Acker, Halifax, Nova Scotia; W. E. Gallie, Toronto; A. Gibson, Winnipeg; A. McLachlin, 

London, Ontario; F. H. H. Mewburn, Edmonton; J. A. Nutter, Montreal; J]. P. Patterson, Vancouver 

Australian Orthopaedics in the last Fifty Years . ; . H. Jackson Burrows, London 

The First Half-century of Orthopaedic Surgery in New ieteeih ‘ . Coates Milsom, Auckland 
The Development of Orthopaedic Surgery in South Africa during the Past Half-century 

J. M. Edelstein, Johannesburg 

Orthopaedic Surgery in Southern Rhodesia : ‘ , ‘ . J. H. G. Robertson, Bulawayo 


«Half a Century of Orthopaedic Progress in Great Britain - j . 4 H. Osmond-Clarke, London 


Some Classics of British Orthopaedic Literature D. LI. Griffiths, Manchester 


Clinical Studies 

Medullary Nailing of Fractures after Fifty Years ; . Reginald Watson-Jones, London ; 
J. Crawford Adams, London; J. G. Bonnin, Senin: H. Jackson Burrows, London ; Thomas King, 
Melbourne; E. A. Nicoll, Mansfield; Ivar Palmer, Stockholm; Frederick vom Saal, New York; Hugh Smith, 
Memphis, Tennessee; David Trevor, London; O. ]. Vaughan-Jackson, London; A. D. Le Vay, London 

Endocrinology and Orthopaedics in Fifty Years . S. Leonard Simpson, London 


Proceedings and Reports of Universities, Colleges, Councils and Associations 
Great Britain, Canada, Australia and New Zealand, International Societies 


Paper Cover Copies 21s. Bound Copies 25s. 


Excerpt from a Subscriber’s letter— 


“The Half-century number is superb—a magnificent production. It really is a great achievement 
and there can be no doubt that of all the issues published this is the one that will survive and be referred 
to again and again in future months and years as a reference volume . . . an epoch making production.” 


E. & S. LIVINGSTONE LTD., EDINBURGH AND LONDON 
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READY SOON 
FRACTURES AND JOINT INJURIES 


By Sir Recrnatp Watson-Jones, B.Sc., M.Ch.(Orth.), F.R.C.S., Orthopaedic Surgeon 
to his Majesty the King; Director of Orthopaedic and Accident Service, The London 
Hospital; Surgeon to the Robert Jones and Agnes Hunt Orthopaedic Hospital; British 
Editor, Journal of Bone and Joint Surgery; Hunterian Professor, Royal College of Surgeons. 


FOURTH EDITION Royal Med. 8vo In Two Voiumes (not sold separately) 
Votume I will appear about October and Votume II soon after that. 


“The demands of this book have been in excess of supply even from the first printing, and despite every effort 
it has been out of print for long periods. The new Fourth Edition will soon be available and it reflects the 
great advances of the last decade in the science as well as the art of surgery. Much has been rewritten, and 
many new chapters have been added. The first volume includes material from the recent Robert Jones Memorial 
Lecture in the Royal College of Surgeons of England, the Hugh Owen Thomas Memorial Lecture in Liverpool, 
and the Robert Jones Lecture in New York, delivered by the author. A vigorous attack is made on the widely 
held view that contact-compression is desirable, and lag-screws, slotted plates, and other compression devices are 
condemned. Indeed it was with some difficulty that we restrained the author from rewriting this section yet 
again with even greater vigour—this can await another edition. There are new chapters on shock, chemo- 
therapeutic control, and early closure of wounds as learned in the recent war; plastic surgery in its relation to 
fracture treatment ; cancellous bone transplantation, bone banks and intramedullary nail fixation. The revised 
chapter on pathological fractures is so extensive as to amount almost to a text-book on orthopaedics. The second 
volume recounts modern treatment of fractures of the limbs and spine, with recent views on acute and recurrent 
dislocation of the shoulder, fractures of the upper shaft of the femur which formerly caused such disability, 
fractures of the spine which may often be treated by functional methods, and the management of patients with 
permanent paraplegia who need not suffer social embarrassment. Earlier editions of these volumes were acclaimed 
for their clarity and simplicity. The new edition is no less clear and simple and, we feel certain, will enhance the 
high prestige of British Orthopaedic Surgery.”—Publisher’s Note. 


E. & S. LIVINGSTONE LTD., EDINBURGH & LONDON 


EXCERPTA MEDICA 


The International Medical Abstract Service published in English 
and covering the whole field of Clinical and Experimental Medicine. 


SURGERY szcrion 1x 


CONTENTS. In this Section the whole field of Surgery is covered and includes 
general surgery, urological surgery, orthopaedic surgery, thoracic 
surgery, plastic surgery, casualty (or traumatic) surgery, surgery 
of the thyroid gland and surgery of children. 

Selected abstracts of articles on neurological and oral surgery 
also appear in this section. 

Abstracts of articles on pre- and post-operative care and surgical 
nursing are published. 


The Journal of Bone and Joint Surgery, Boston: 
. . The abstracts are very well done, and we should be most 
grateful to our Dutch friends for this important contribution.” 


The subscription rate is £6. 4s. per yearly volume of 1920 pages, including an index 
classified both by author and subject. Write for a prospectus or specimen copy. 
Sole Distributors for Great Britain and the British Dominions: 


E. & S. LIVINGSTONE, LTD., 16-17, TEVIOT PLACE, EDINBURGH, 1 
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NEW BOOK 


result of their generous help.”’ 


10} x 6jin. 428 PP. 


Austenal Laboratories Inc. 


Benger Laboratories Limited 
S. H. Camp & Company Ltd. 
C. & J. Clark Ltd. 

Alfred Cox (Surgical) Ltd. 
Desoutter Bros. Ltd. 


Down Bros. and Mayer & Phelps Ltd. 


Ethicon Suture Laboratories Limited 
Excerpta Medica . 

J. E. Hanger & Co. Ltd. . 

Ilford Limited 


E. & S. Livingstone Ltd. . 


Lloyds Bank Limited 


considered, many of which are uncommon. 


XXil, XXVIil, XXIX, XXX 


AN ATLAS OF 
GENERAL AFFECTIONS 
OF THE SKELETON 


Six THOMAS FAIRBANK, D.S.O., O.B.E., Hon.M.Cu.(OrtH.), F.R.C.S. 


Consulting Orthopaedic Surgeon and Emeritus Lecturer in Ortho- 
pate Surgery, King’s College Hospital. Consulting Surgeon, 
dospital for Sick Children, Great Ormond Street. Emeritus 
Consulting Surgeon, Lord Mayor Treloar Orthopaedic Hospital, 
Alton. Honorary Consultant (Orthopaedic) to the Army. 


PRICE §§S. NET §10 ILLUSTRATIONS 


E. & S. LIVINGSTONE LTD., 16-17 TEVIOT PLACE, EDINBURGH, 1 


ADVERTISER—AUGUST 1951 
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EXTRACT FROM PREFACE 
** This book is Compiled in the hope that it may be of assistance in the diagnosis of the various affections 
For many years I have taken a special interest in affections of the 
skeleton that show multiple lesions, an interest which has been stimulated by the kindly help and generosity 
of my colleagues and friends. It seemed to me a duty to make available to others some of the information to 
be gleaned from my collection of records, a collection accumulated over a period of many years largely as a 
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